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PREFACE 

The work descr ibed in  this  report  was performed by the Network Operations 
T e a m  of the Tracking and Data Acquisition Organization of the J e t  Propulsion 
Laboratory ( J P L ) .  It is the second volume in a continuing s e r i e s  and repor t s  
the support of the network for  1969 and 1970. It covers  the Apollo missions 9 
through 13. 

During these flights, Deep Space Network (DSN) operations a r e  l imited to 
the cis lunar  and lunar  phases.  The DSN provided network control act ivi tyinthe 
Space Flight Operations Facil i ty (SFOF),  the three  26-m stations a t  Goldstone, 
Madrid and Canberra ,  and the Mars  station a t  Goldstone with its 64-m antenna. 
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ABSTRACT 

This report  summar izes  the Deep Space Network (DSN) activit ies in support  
of Pro jec t  Apollo during the period of 1969 and 1970. 
9 miss ion  and concluding with the Apollo 13 mission,  the nar ra t ive  includes a 
miss ion  description, the NASA support  requirements  placed on the DSN, and a 
comprehensive account of the support  activit ies provided by each committed 
DSN deep space communication station. Associated equipment and activit ies of 
the  t h r e e  elements of the DSN (i. e . ,  the  Deep Space Instrumentation Facil i ty 
(DSIF), the Space Flight Operations Facil i ty (SFOF), and the Ground Communi- 
cations Facil i ty (GCF)) in meeting the radio-metr ic  and te lemetry demands of 
the missions a r e  documented. Recent scientific and engineering developments 
and plans a r e  a l s o  discussed which will have a d i rec t  effect on future DSN 
Apollo support plans. 

Beginning with the Apollo 
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I. INTRODUCTION 

Volume I discussed the development of the 
Apollo project ,  the  unified S-band communication 
system, the dual DSN and MSFN deep space com- 
munication s ta t ions so that the DSN could ac t  a s  a 
backup to  the MSFN, and the flights of Apollo 4 
through Apollo 8. 
that were  to lead to the flight of Apollo 11 and the 
first successful  manned lunar  landing on the moon 
in June 1969. 

This repor t ,  Volume 11, summar izes  and 
provides a his tor ical  account of the operational 
support act ivi t ies  provided t o  the MSFN by the JPL 
DSN in support of Apollo Missions 9 through 13. 

The nar ra t ive  is presented in  chronological 
o rde r  and includes the following subject mat te r :  

These were  the major  milestones 

(1) Mission Description - a recapitulation of 
significant events of the miss ion  f rom 
launch through splashdown. 

JPL Technical Memorandum 33-452, Vol. I1 

Requirements for  DSN Support - the  
technical objectives of the miss ion  which 
the DSN was required to  meet. 

DSN Mission Support - a chronology of 
DSN premiss ion  and miss ion  operational 
activities. 

Future  P lans  - a discussion on recent  
scientific and engineering developments 
and the i r  affect on future  DSN Apollo 
support  plans. 

Figure 1 i l lus t ra tes  the location of the Apollo 
11, 12, and 13 lunar  landing s i tes .  The locations 
of the DSN deep space communication stations 
which provided operational support  for  the Apollo 
missions a r e  shown in Fig. 2. 

1 



11. THE APOLLO 9 MISSION 

A. Mission Description 

Apollo 9 was the third manned Apollo mission 

With a s t r o -  
and the second manned mission flown aboard the 
three-s tage Saturn V launch vehicle. 
nauts James A. McDivitt (spacecraf t  commander) ,  
David R. Scott (command module pilot), and 
Russell  L. Schweickart ( lunar module pilot), Apollo 
9 was placed in  a 10-day ea r th  orbit  with the 
p r i m a r y  objective of checking out t he  lunar  module 
p r i o r  t o  undertaking a n  actual lunar  mission. 

On March 3, 1969, at 16:OO:Ol. 07 GMT, Apollo 
9 was launched on a n  azimuth of 72" f r o m  Pad 39-A 
at Cape Kennedy. 
fully inser ted the spacecraf t  into a 190-km c i r cu la r  
ear th  orbit. 
separated f rom the S-IVB third-s tage booster at 
02:43 GET and withdrew at a r a t e  of 30.48 c m / s  to 
a distance of approximately 12 m. At this distance 
the velocity of the CSM was nulled, and the CSM 
pitched 180 deg and returned to successfully dock 
with the Lunar Module (LM) whichwas s t i l la t tached 
to  the third stage. Subsequently, the LM attach- 
ment  bolts were released,  and a 3-s Service 
Module Reaction Control System (SMRCS) burn 
separated the CSM/LM f r o m  the third stage. The 
third stage J - 2  engine was l a t e r  r e s t a r t ed  and the 
burn las ted 4 min. Passivation of the S-IVB 
commenced with the residual propellants being 
propulsively vented to  place it in  an  ea r th  escape 
t ra jectory and into so l a r  orbit. 

The S-IVB third s tage success -  

The Command Service Module (CSM) 

The docked CSM/LM remained in  ea r th  orbit  
while numerous checkouts w e r e  made  on the CSM 
and especially the LM spacecraft .  
burn at 22:13 GET placed the CSM/LM in a 
353 X 209-km orbit. At  25:17 GET, this o rb i twas  
changed to  501 X 212 km by a 277-s SPS burn. 

A 110-s SPS 

One of the highlights of the Apollo 9 mission 
was to be a 2-h Extravehicular Astronaut (EVA) 
activity to be performed by Schweickart, the 
Lunar Module Pilot  (LMP). 
i l lness  experienced by the LMP, the EVA activit ies 
w e r e  revised to 1-h and r e s t r i c t ed  to  an  eg res s  
through the forward hatch to the "golden s l ipper"  
foot res t ra ints  on the LM "front porch" to photo- 
graph various components of the two spacecraft .  
EVA activit ies began at 72:55 GET and were  
terminated at 73:50 GET. EVA activit ies were  
followed at 74:57 GET until 75:13 GET by a live 
TV transmission f r o m  inside the LM while it was 
ove r  the United States. 

Because of an e a r l i e r  

On March 7, at 92:39 GET, undocking of the 
CSM f r o m  the LM occurred,  and the CSM RCS 
placed the CSM i n  a c i r cu la r  orbit  of 240 km. 
This was followed by a LM Descent Propulsion 
System (DPS) burn,  placing the LM i n  a 266 X 218 
k m  orbit. Approximately an  hour and a half later, 
the LM descent engine was ignited, simulating an  
lunar  Descent Orbit  Insertion (DOI) burn,  which 
placed the LM in a 264 X 261-km orbit .  
jettisoning the LM descent stage,  propulsive 
maneuvers  were  performed with the LM Ascent 
Propulsion System (APS) p r i o r  to a successful 
rendezvous and docking with the CSM at 98:57 GET. 
After successfully docking, the LM c rew returned 
to the CSM and, at 101:30 GET, the LM ascent  
stage was jettisoned. Twenty-two minutes l a t e r ,  a 

After 

APS burn-to-depletion command was initiated f r o m  
MCC-H. The remainder  of the mis s ion  was  spent 
by the th ree -man  c rew doing mult ispectral  t e r r a i n  
photography fo r  ea r th  r e sources  studies,  space- 
craf t  sys t ems  exe rc i se s ,  etc. 

The Apollo 9 mission was originally scheduled 
fo r  150 revolutions around the ear th ,  but because 
of bad weather conditions and a n  unfavorable sea 
s ta te  i n  the planned wes te rn  Atlantic recovery a r e a ,  
the mission was extended for  an additional revolu- 
tion in  o r d e r  t o  place the point of impact  i n  a m o r e  
favorable sea.  At 240:36 GET (March 13, 1969, 
16:31 GMT), the Service Propulsion System (SPS) 
deorbit  burn occur red  over  Hawaii on the 151st 
revolution. 
CM separated f r o m  the Service Module (SM) to  
start the reentry sequence. 
at 17:OO GMT, 23.14" N, 68.00" W, and approx- 
imately 4.83 k m  north of the recovery ship USS 
Guadalcanal. 
fully concluded when the astronauts  were  landed 
safely aboard the recovery ship. 

Approximately 5 minutes l a t e r ,  the 

Splashdown occurred 

The Apollo 9 mission was success -  

B. Requirements for  DSN Support of Apollo 9 

Other than the countdown and launch-phase 
support provided the Apollo project  by the Space- 
craf t  Monitoring Station at Cape Kennedy, the DSN 
is not committed to support  Apollo ear th-orbi ta l  
missions.  However, in  the c a s e  of Apollo 9, the 
Manned Spacecraft  Center placed a requirement on 
the MSFN, operated by the Goddard Space Flight 
Center,  t o  have the MSFN Wing at Tidbinbilla, 
Australia participate i n  Apollo 9 during the 
rendezvous portion of the mission, which was 
planned fo r  revolutions 58 through 61. The two 
spacecraf t  would be separated sufficiently to  be 
outside the beamwidth of the MSFN Honeysuckle 
Creek (Canberra ,  Australia) Apollo p r ime  26-m 
antenna station. 

The init ial  requirement  was fo r  both radio 
m e t r i c  data and te lemetry voice data f r o m  ei ther  
the command se rv ice  module o r  the lunar module, 
as  circumstances dictated during the mission. 
Both the MSFN and the DSN expressed concern in  
the i r  ability to m e e t  this requirement  due to  two 
problem a r e a s  that  had been experienced on the 
previous missions,  especially Apollo 8. These 
were: 

(1) The Apollo spacecraf t  angular tracking 
r a t e s  i n  ear th  orbit  exceeded the DSN 
stations'  capability to t r a c k  (i. e . ,  ra tes  
in  excess  of 0.85 deg/s) .  

The s t rong signal s t rength received on a n  
26-m antenna f r o m  a spacecraf t  i n  ea r th  
orbit  overloaded the r ece ive r  front end 
and c rea t ed  an  instability in  the angle 
channels when i n  the auto- t rack mode. 

(2) 

In the weeks preceding Apollo 9 launch, 
numerous techniques w e r e  proposed to overcome 
these  l imitations provided cer ta in  compromises  
could be made with respect  to e i ther  the emphasis 
upon the radio m e t r i c  data or the emphasis upon 
the te lemetry voice portion of the requirement.  
After careful  consideration, the Manned Spacecraft  
Center selected the technique proposed by the 
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Tidbinbilla station. 
acquisition aid antenna for  the en t i re  pass ,  using a 
computer p rogram dr ive  mode with boresight 
offsets. 

This technique was to use  the  

The station would acquire  the spacecraf t  on 
the horizon with the boresight of the acquisition 
aid antenna leading the spacecraf t  by one-half the 
beamwidth (or about 9 deg), and the  antenna would 
be programmed to  keep this  boresight  offset a s  the 
spacecraf t  ro se  on the s ta t ion 's  horizon until the  
spacecraf t  angular  ra tes  exceeded the mechanical  
limitation of the antenna (0.85 deg / s ) ,  a t  which 
t ime the spacecraf t  would advance into the acquisi- 
tion beamwidth at a differential r a t e  between the 
actual spacecraf t  velocity and the  mechanical 
velocity limit of the antenna servo.  
be continued until the  spacecraf t  disappeared out 
of the acquisition antenna's beamwidth, thereby 
obtaining the l a rges t  possible percentage coverage 
during the pass .  

Tracking would 

The preflight expectation was that  the ra tes  
would be such that  the antenna would not be able to  
catch up with the  spacecraf t  before  its set on the 
outgoing station horizon. 
would invalidate the angular radio me t r i c  data, the  
c r i t i ca l  fac tor  of the other  data was such that this 
technique would be satisfactory. 
simultaneously optimized the angular-  ra te  problem 
while reducing the tendency for  rece iver  front-end 
saturat ion because of the  lower gain of the acquis i -  
tion antenna compared to  that of the 26-m antenna. 
It had the fur ther  advantage that the modifications 
were  a l l  procedural  and that no hardware changes 
would be required to implement  the plan. 
in  Section C, below, the technique proved to  be 
100% successful  with horizon-to-horizon t r acks  
being obtained by the Tidbinbilla/MSFN Wing on 
revolutions 58 through 61. 

While this technique 

This technique 

As noted 

C. DSN Mission Support 

1. Spacecraft Monitoring Station Support. The 
DSN Spacecraft Monitoring Station supported the 
Apollo 9 prelaunch and launch activities i n a  manner  
identical with the  support previously provided for  
Apollos 4 through 8. The station was reconfigured 
in  a manner  identical to that  of the Apollo 4 mis- 
sion, i. e . ,  the  CSM S-band downlink was received 
a t  the Spacecraft Monitoring Station, and the  
detected phas e-modulated te lemet ry  baseband 
was relayed to  the MSFN Merr i t t  Island Station 
(MILA) for  processing.  
vides backup during the launch in  case  the MSFN 
MILA station experiences signal-level difficulties 
due to  e i ther  multipath propagation phenomena or 
f lame attenuation phenomena f r o m  liftoff to l o s s -  
of-signal a t  the horizon. 

This  a r rangement  pro-  

Activities commenced a t  the Spacecraft 
Monitoring Station on February  12, 1969 with the 
countdown demonstrat ion test f r o m  17:OO to 24:OO 
GMT. During this  t e s t ,  t e lemet ry  was processed  
f rom the rece iver  to the MSFN MILA station and 
five photographs were  taken of the received spec-  
t rum.  During February ,  the station a l so  par t ic i -  
pated in  the Mar iner  Mars  1969 spacecraf t  F 
prelaunch and launch activities. 
activity occurred  on February  18 when the Space- 
craf t  Monitoring Station par t ic ipated in  a second 
countdown demonstrat ion t e s t  (wet) f r o m  11 :00 until 
20:40 GMT. 

The next Apollo 

The te lemet ry  output was processed  

to the MSFN MILA station and photographs were  
obtained of the received spectrum. 

The Spacecraft Monitoring Station par t ic ipated 
in  the th i rd  countdown demonstration t e s t  (dry)  on 
February  19 f r o m  11:20 until 17:51 GMT, with the 
same  data being provided a s  for  the February  18 
test. 
the DSN- specified Apollo configuration verification 
tes t ,  and the resu l t s  were  sent  to the appropriate  
project  engineers. On March 3, the station 
participated in  the Apollo 9 te rmina l  countdown and 
launch, f r o m  04:OO to 16:08 GMT. 
output of the rece iver  and spec t r a l  analyses  plus 
31 photographs of the received spec t rum were  p ro -  
vided to  the MSFN MILA station. 
signal s t rengths  a t  the station f r o m  launch to lo s s -  
of-signal a t  horizon a r e  shown in  Table 1. No 
anomalies were  experienced during this  en t i re  
period. 

On February  25 and 26, the station completed 

The te lemet ry  

The received 

2. Tidbinbilla/MSFN Wing Support. P remiss ion  
activities at Tidbinbilla/MSFN wing s ta r ted  on 
February  11 with a computer and data flow test .  
Additional computer and data flow t e s t s ,  antenna 
position p rogrammer  dr ive  tests, and acquisition 
antenna angle calibrations w e r e  in te rspersed  
between Pioneer  IX t r acks  up to Apollo 9 launch. 
After Apollo 9 launch, the Tidbinbilla station . 
continued to support Pioneer  IX  in  the DSN con- 
figuration, except that the station did t r ack  Apollo 
9 in revolutions 13, 14, and 15 in  the MSFN 
configuration to evaluate the various tracking 
options. A decision was made  to use  the station 
configuration descr ibed in  Section B, above. Both 
revolutions 14 and 15 produced ra tes  of the o rde r  
of 1 deg/s ,  which the station successfully t racked-  
thereby proving the technique to  be pract icable  for  
u se  during revolutions 58 through 61. 
resumed Pioneer  IX support i n  the DSN configura- 
tion up to the t ime  it became necessa ry  to pe r fo rm 
a c l a s s  A countdown p r io r  to revolution 58. 

Tidbinbilla 

To  support  the rendezvous portion of Apollo 9 
(revolutions 59 through 61), the Tidbinbilla/MSFN 
wing was configured a s  shown in  Table 2. 
acquisition-of-signal and loss-of-signal t imes  a r e  
shown in Table 3, along with the servo  mode for  
each of the revolutions. 

The 

a. Revolution 58. Since the maximum 
elevation angle of the spacecraf t  with respec t  to  
the station was expected to be  only 13 deg, no 
hour-angle offsets were  included in  the p rogram 
drive for  th i s  pass .  
tracking r a t e s  were  0.7 deg / s  in  hour angle, and 
0.2 deg / s  in  declination. The CSM and LM were  
not separated during this  pass .  
acquired a t  a signal level  of -132 dBmW, r is ing 
to a maximum of -105 dBmW. 
level  maximum was -108 dBmW. Several  losses  
of lock were  experienced due to  the rolling motion 
of the spacecraf t ,  but these were  momentary.  
There were  no station anomalies  during revolution 
58. 

The actual  maximum antenna 

The CSM was 

The LM signal- 

b. Revolution 59. Since a maximum eleva- 
tion angle of 30 deg was anticipated fo r  revolution 
59, an  init ial  hour-angle offset of 9 deg was se t  
into the antenna position programmer .  
was acquired a t  a signal leve l  of -135 dBmW, 
r is ing to a maximum of -94 dBmW. 
LM were  separated for  this pass .  

The CSM 

The CSM and 
The maximum 
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signal received f r o m  the LM was -124 dBmW. The 
servo-mode control changes f o r  this revolut ionare 
shown in  Table 3. 
angular ra tes  experienced during revolution 59 a r e  
shown a s  a function of t ime in  Fig. 3 .  A change in 
CSM omniantennas resulted i n  a rece iver  loss-of-  
lock for  a period of 8 s during this revolution. No 
ground equipment anomalies were  noted for  this  
pass .  

The boresight offsets and the  

c. Revolution 60. A t ransmi t te r  water-load 
interlock t r ip ,  which could not be rese t ,  occur red  
a t  15 min pr ior  to  spacecraf t  r ise .  At 5 min p r i o r  
to  spacecraf t  r i s e ,  the batt le-short  over r ide  was 
applied and the station was green  f o r  acquisition at 
spacecraf t  r ise.  The init ial  p r o g r a m m e r  hour- 
angle offset was 8 deg for  this revolution since a 
maximum elevation angle of angle of 30 deg was 
anticipated. 
omnidirectional antenna changes, t h e r e  were  severa l  
periods of receiver  loss-of-lock during revolution 
60. Table 3 shows the servo-mode controlchange 
t imes ,  and Fig. 4 depicts the performance of the 
tracking sys t em a s  a function of t ime during revolu- 
t ion 60. 
anomalies during th i s  revolution. 

Due to  spacecraf t  attitude and 

Except as noted above, t h e r e  were  no other 

d. Revolution 61. Since the maximum eleva- 
tion angle anticipated for  revolution 61 was only 10 
deg, no hour-angle offsets were  inser ted  for  this 
pass .  During the pass ,  a rea l - t ime request  was 
made to change the station configuration to  have 

sys t em 3, rece iver  6 connected to the main 26-m 
antenna via m a s e r  1. This was accomplished and 
a corresponding CSM signal-level increase  f r o m  
-103to -76 dBmW resulted. One anomaly occurred 
10 min before spacecraf t  r i s e  when the t ransmi t te r  
power amplifier beam voltage overload tripped; 
this was r e s e t  and no fur ther  difficulties were  
experienced. 

The spacecraf t  coverage provided by the 
TidbinbillaMSFN wing during revolutions 58 through 
61 is depicted in  Fig. 5. 
bad data a r e  shown. The station was released 
f r o m  fur ther  Apollo support  on March 7 at 17:38 
GMT, and the station was reconfigured and par t ic i -  
pated in  the next Pioneer  9 t racking in  the DSN 
configuration. 

3. Conclusion. The Apollo 9 miss ion  was 
completely successful  in  every respect ,  thereby 
paving the way for  fur ther  evaluation of the LM in 
orbit  about the moon on the Apollo 10 mission. 
While the DSN/MSFN wing support  requirements  
for  Apollo 9 w e r e  considerably less than those f o r  
Apollo 8 ,  because Apollo 9 was a n  ear th-orbi ta l  
type mission,  Apollo 9 did present  a very inter-  
esting challenge to  the Tidbinbilla station to 
operate  in  a mode that  was not contemplated when 
the facility was designed. 
success  attained during the rendezvous phase of 
Apollo 9 points up the importance of the human 
resources  of the MSFN and DSN. 

The periods of good and 

The high degree of 

4 JPL Technical Memorandum 33-452, Vol. I1 



Table 1 .  Spacecraft  monitoring station t ime v s  signal level fo r  Apollo 9 launch (March 3 ,  

GMT, 
h:m:r 

16:06:OO 
:IO 
20 
:30 
:40 
:50 

16:07:00 
:10 
:20 
:30 
:40 
:50 

16:08:00 
:IO 
:20 
:30 
:40 
:52 

Receiver 1 
automatic gain 
control, dBmW 

124.8 
117.7 
136.0 
140.0 
144.3 
134.3 
144.8 
134.9 
132.4 
131.8 
132.0 
129.7 
130.7 
131.0 
131.0 
130.7 
132.2 

Out of lock 

GMT, 
h:m:r 

16:03:OO 
:IO 
20 
:30 
:40 
:a 

16:04:00 
:10 
:20 
:30 
:40 
60 

16:05:W 
:IO 
:20 
:30 
:40 
:50 

GMT, 
h:m:r 

16:OO:OO 
:IO 
:20 
:30 
:40 
:50 

16:Ol:OO 
:10 
:20 
:30 
:40 
50 

16:02:00 
:10 
:20 
:30 
:40 
:50 

Receiver 1 
automatic gain 
control, dBmW 

128.6 
119.3 
116.7 
116.9 
98.4 

100.3 
102.7 
101.5 
100.7 
100.6 
101.0 
102.0 
105.2 
105.4 
107.3 
109.6 
125.5 
128.4 

Receiver 1 
automatic gain 
control, dBmW 

69.5 
67.9 
73.2 
97.6 
91.5 
88.6 
81.8 
89.4 
85.5 
91 .O 
96.7 

100.0 
102.4 
145.6 
128.1 
102.0 
101.0 
117.6 

“The outomotic gain control values wore recorded at o stondord 5 0 . H ~  2.B10 receiver bandwidth 

System Receiver 

3 5 

6 

4 7 

8 

Spacecraft telemetry 

Commondlrervire module 
phase-moduloted 

Commond/rervice module 
phose-modulated 

Lunar module 
phose-modulated 

Commond/service module 
frequency-modulated 

Revolution 

Table 3 .  Tracking event t imes ,  Tidbinbilla/MSFN wing 

Select- Losr-of- Transmitter- Tmnsmitter- Acquisition- Select- 

on time off time Tracking of-signal velority manual- time program time signal timeb mode 
timeb 

58 3-way 11 :58:08 - - 12:02:43 
59 2-way 13:31:44 13:34:21 13:35:48 13:37:04 1 ,“p I %;;; I 15:05:37 I ’ l5:::59 1 1 5 : r 8  I 15:10:27 

16:39:34 16:44:14 

- 
13:30:59 13:40:W 
15:04:29 15: 14:30 
16:39:59 - I  16:47:00 

‘All times quoted ore GMT, h:m:r. 
bAcquirition..f-rien.I and lots-of-tignol times ore defined 01 horizon times given in 29-point predict me$togw. 

1969)  
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Fig. 1. Apollo lunar  landing s i tes  
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Fig. 2. Location of dual DSN/MSFN wing stations f o r  Apollo support  
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Fig. 3. Tracking sys t em performance a s  a func- 
t ion of time (Apollo 9,  revolution 5 9 ) ,  Tidbinbilla/ 
MSFN wing 
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Fig. 4. Tracking sys tem performance as a func- 
t ion of t ime (Apollo 9 ,  revolution 6 0 ) ,  Tidbinbilla/ 
MSFN wing 
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Fig. 5. Apollo 9 operational activity,  Tidbinbilla/MSFN wing 
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111. THE APOLLO 10 MISSION 

A. Mission Description 

Apollo 10 was the first lunar  flight of the 
complete Apollo spacecraf t ,  the th i rd  manned 
mission flown aboard the Saturn V launch vehicle, 
and the second to  go to the moon and return.  
astronauts Thomas P. Stafford (spacecraf t  com- 
mander) ,  John W. Young (CM pilot) ,  and Eugene 
A. Cernan (LM pilot) ,  Apollo 10 compiled the 
following list of achievements:  

With 

(1) 

( 2 )  

(3) 

(4) 
(5)  

First miss ion  launched f r o m  Launch 
Complex 39-B. 
First real- t ime color TV t ransmiss ion  
f r o m  moon. 
First miss ion  to  place two manned space-  
craf t  i n  orbi t  around the moon. 
F i r s t  mission to rendezvous a t  the moon. 
F i r s t  mission to inject  a spacecraf t  (LM 
ascent  s tage)  into heliocentric orbi t  f r o m  
lunar orbi t .  
Man's c losest  approach to  the moon (16 
km). 
Man's longest s tay in lunar  orbit  (61. 5 h). 

(6) 

(7)  

Launched on May 18, 1969, a t  16:49GMTfrom 
Pad 39-B a t  Cape Kennedy, Apollo 10 was a n  8-day 
mission to qualify the combined CSM and LM in 
the lunar environment. 
the mission w e r e  to  demonstrate  rendezvous and 
docking of the CSM and LM in the lunar  gravi ta-  
tional field and the evaluation of docked and 
undocked lunar  navigation. With the exception of 
an actual descent to  the lunar  surface,  the t ime-  
l ines used (Table  4)  were  those proposed for  a n  
actual lunar landing mission. 
af ter  launch, the S-IVB th i rd  s tage successfully 
inser ted the spacecraf t  into a n  ear th  parking orbi t  
of 190  by 184 km. 
sys t em checkout activit ies,  t rans lunar  injection 
(TLI) occurred (S-IVB th i rd  s tage re-ignited) over 
Australia. Shortly thereaf ter ,  the  CSM separated 
f rom the S-IVB and the spacecraf t  launch vehicle 
adapter (SLA) panels surrounding the LM were  
explosively jett isoned f r o m  the S-IVB. The CSM, 
having pitched 180 deg, re turned to  successfully 
execute the docking maneuver with the LM. After 
the docking latches were  secured ,  the tunnel 
joining the two spacecraf t  was pressur ized  and the 
combined CSM/LM was ejected f r o m  the S-IVB. 
A separation maneuver using the Service Module 
Reaction Control System (SMRCS) was then 
performed,  and the residual  propellants w e r e  
propulsively vented to place the  S-IVB into so la r  
orbit ,  
broadcasts  f r o m  the CSM showed the complete 
docking sequence. Additional rea l - t ime color  
TV broadcasts  w e r e  made f r o m  the  CSM en route 
to the moon (Table 5). Because of the precis ion 
of the t ranslunar  injection, the first midcourse 
correct ion option was not exercised.  Instead, a 
passive t h e r m a l  control technique, s imi la r  to  that  
used on the Apollo 8 mission,  was initialized to  
stabil ize onboard temperatures .  At 26:30 GET, 
only a slight, approximately 1524 c m / s ,  mid-  
course maneuver was performed to adjust  the 
Apollo 10 t rans lunar  t ra jec tory  to coincide with 
the lunar  landing t ra jectory planned for  Apollo 11 
in  July. 
profile for  Apollo 10. 

The p r i m a r y  objectives of 

Eleven minutes 

After 2-1/2 h of spacecraf t  

The first of many real- t ime color TV 

Figure 6 shows the complete miss ion  

Apollo 10 a r r i v e d  in the vicinity of the  moon 
on May 21, 1969, and the first lunar  occultation 
occurred a t  20:37:00 GMT. The f i r s t  lunar orbi t  
inser t ion (LOI) burn by the CSM engine occurred  
while the two spacecraf t  were  behind the moon. 
This re t rograde  burn placed the CSM/LM into a n  
ell iptical  lunar  orbit  of 11 1 X 314 km. The second 
LO1 burn occurred  a t  the end of lunar orbi t  2 while 
the vehicles were  behind the moon. 
Apollo 10 into a 109 X 112 km c i rcu lar  orbi t  about 
the moon. The c rew made lunar  landmark naviga- 
tional sightings and conducted a color TV broad- 
cas t ,  then re t i red  in preparat ion for the lunar 
module descent phase s tar t ing on orbit  12. 

This placed 

While in  orbi t  12, as t ronauts  Stafford and 
Cernan, aboard the LM, separated f r o m  the CSM 
containing astronaut  Young (Fig. 7). 

During the front-side p a s s  of the moon, the 
two spacecraf t  kept reasonably close proximity 
and performed a mutual inspection of the other 
vehicle. At the conclusion of orbi t  12, while the  
spacecraf t  w e r e  behind the moon, the LM s ta r ted  
the decent to  its perilune altitude of 14, 000 km 
above the lunar  surface (Fig. 8),  which occurred  
over the Apollo 11 proposed landing s i te  in  the 
Sea of Tranquility. 
13. 
burned again to  pe r fo rm what is called a phasing 
maneuver which placed the LM in  a 359 x 21 k m  
orbit  (Fig.  9).  On lunar orbi t  14, the LM 
jettisoned its descent stage p r i o r  to reaching 
perilune,  and then, having passed perilune,  burned 
its ascent  propulsion sys t em to change the apolune 
to 83 k m  (Fig.  10). Thereaf ter ,  the LM reaction 
control sys t em engines were  ignited severa l  t imes  
during orbi ts  14, 15 and the beginning of 16, to 
effect rendezvous and docking (Fig. 11) during 
orbi t  16. The LM c r e w  then t r a n s f e r r e d  them- 
selves  and the i r  photographic equipment back into 
the CSM. During orbit  17, they separated the 
now-unmanned LM f r o m  the CSM. 

This was during lunar orbi t  
Once past  perilune,  the LM descent engine 

After separating f r o m  the CSM, the LM ascent  
stage was reignited to place the  vehicle into a 
heliocentric orbit .  As noted above, this is the 
first t ime that  a heliocentric orbi t  has been 
achieved s tar t ing f r o m  lunar  orbit .  
CSM continued in lunar  orbit  f o r  a total  of 31 
revolutions around the moon, during which t ime 
the c rew continued to  do landmark surveil lance 
and additional color TV transmissions to  earth.  
At the end of the thir ty-f i rs t  orbi t ,  the CSM 
serv ice  propulsion sys t em was ignited again 
behind the moon to pe r fo rm the t rans-ear th  
injection (TEI) burn. 
that  only one smal l  midcourse correct ion was 
required enroute back to ear th .  
c r ew performed additional color TV broadcasts  
on the re turn  to  earth.  The Apollo 10 CSM 
reentered ear th ' s  a tmosphere at 121,914 m and 
splashed down in  the Pacific Ocean 621 k m  eas t  of 
Samoa and approximately 4632 k m  south of 
Hawaii. 
were  successfully recovered by the C a r r i e r  USS 
Princeton, 
was car r ied  l ive and in  color by the commerc ia l  
networks broadcasting f r o m  the  deck of the 
C a r r i e r  USS Princeton via satel l i te  to the United 

The Apollo 10 

This burn was so  prec ise  

The Apollo 10 

Both the c rew and the Apollo 10 CSM 

Television coverage of the reentry 
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States. 
and paved the way fo r  the manned lunar  landing 
of Apollo 11. 

The mis s ion  was completely successful 

B. DSN Mission Support 

1. DSN Premiss ion  Activities. 

a. DSN/MSFN Wing Stations. Deep space 
stations,  Pioneer (Calif. ), Tidbinbilla (Australia),  
Robledo (Spain), w e r e  placed into the MSFN con- 
figuration and went on Apollo 10 mission status 
May 6, 1969, at 0 O : O l  GMT. P r i o r  t o  this time, 
f e r r i t e  isolators  had been installed i n  the t r a n s -  
mi t t e r  waveguide at the Pioneer  station in  a n  
attempt to c o r r e c t  the intermodulation product 
problem that had been noted in  previous missions 
when two simultaneous uplink c a r r i e r s  were  
radiated. 
isolators  did not c u r e  the intermodulation product 
problem, s o  that the isolators  intended fo r  installa- 
tion at Tidbinbilla and Robledo w e r e  not installed 
p r io r  to Apollo 10. The intermodulation products 
a r e  a n  intermittent problem, and as of this writing 
a solution has not been found (see Section VI1 fo r  
fu r the r  discussion).  

Subsequent testing showed that the 

b. Spacecraft  Monitoring Station. The 
Spacecraft  Monitoring Station supported the p re -  
launch and launch activit ies of Apollo 10 in  a 
configuration identical  t o  that used fo r  the Apollo 
4 through 9 missions.  

c. Impending Requirements f o r  the DSN 
64-m Antenna at Mars .  On April  9, 1969, the 
Office of Tracking and Data Acquisition informed 
the DSN that Apolio 10 might possibly c a r r y  a 
color  TV camera  i n  addition to  the regular  black 
and white slow-scan camera .  A decision 
regarding the color TV c a m e r a  was not anticipated 
p r i o r  to May 1, 1969. However, if  t he  color TV 
w e r e  to be flown aboard Apollo 10, it would 
necessitate the use  of the DSN 64-m antenna t o  
receive the signals because of the telecommunica- 
tions ci rcui t  marg ins  involved, 
April  9 notification, it had been a s sumed  that the 
64-m antenna would not be required f o r  Apollo 
support p r io r  to the first lunar-landing mission. 

P r i o r  t o  the 

Since the re  was very l i t t le t i m e  remaining 
p r i o r  to the Apollo 10 launch anticipated fo r  May 
18, 1969, the DSN proceeded on the assumption 
that  color TV would be flown and the 64-m antenna 
would be required to  support  the mission. 
since t h e r e  were  no formally established detailed 
requirements fo r  the 64-m antenna support of 
Apollo 10, the DSN proceeded on the  assumption 
that  the requirements  would be ve ry  similar, if  
not identical, t o  those of Apollo 8. 
M a r s  station was scheduled as shown i n  Table 6. 
However, the station configuration could not be 
identical with that  used for  Apollo 8 because the 
signal data demodulator assembly,  which was 
borrowed f r o m  the Goldstone MSFN Station fo r  
Apollo 8, would not be available fo r  Apollo 10. In 
addition, the GSFC which operates  the MSFN was 
i n  the p rocess  of installing a d i r ec t  microwave 
link between M a r s  and the Goldstone MSFN station 
in  preparation fo r  Apollo 11. 

Also, 

Support by the 

By May 1, 1969, it was apparent that  only one 
of the two channels in  this new microwave link 
would be available for  service.  
of this new direct  microwave link necessitated the 

The installation 

installation of a new inters i te  microwave tower at 
Mars  (Fig. 12) and also a new tower at the  Gold- 
stone MSFN station, shown in Fig. 13. The 
t e rmina l  equipment fo r  the new d i r ec t  inters i te  
microwave sys t em was installed adjacent to the 
existing DSN-Goldstone- DSCC inters i te  microwave 
in  the communications room at Mars ,  as shown i n  
F i g .  14. The one channel of this new microwave 
link that would be operational on May 1 would be 
capable of transmitt ing ei ther  the black and white 
or color TV signal from Mars  to  the Goldstone 
MSFN station. However, it would not be capable 
of simultaneously carrying the phase-modulated 
te lemetry signal if that  should become a require-  
ment  fo r  Apollo 10 (which it did later, as noted 
below). Therefore ,  the decision was  made  to  a l so  
implement the DSN inters i te  microwave sys t em as 
was done fo r  Apollo 8 in  o r d e r  t o  be able to  fo r -  
ward  the phase-modulated t e l eme t ry  signal f r o m  
the 64-m antenna over t o  the MSFN station fo r  
proc e s sing . 

The result ing configuration f o r  Apollo 10 is 
shown i n  block d i ag ram f o r m  in Fig. 15. As was 
the case  for  Apollo 8, it would again be necessa ry  
to  have station predicts  available fo r  Apollo 10, 
because the M a r s  station does not have an  auto- 
t r a c k  capability. The station predicts  f o r  Mars  
would b e  generated f r o m  state  vectors  furnished 
by the MSC and /o r  the GSFC. 
would be generated in  the  SFOF and forwarded to 
the station via teletype. 
technique, the MSFN generated a 29-point 
acquisition m e s s a g e  that would be received by the 
MSFN Wing at Pioneer,  be converted i n  the  Wing's 
1218 computer,  and sent  via a pony teletype circui t  
to Mars  fo r  fu r the r  processing into a n  antenna 
dr ive tape. 

These predicts  

As a backup to this 

d. Doppler Resolver Requirement. On 
May 7, 1969, the DSN received a request  t o  p ro -  
vide high-resolution doppler r e so lve r  data during 
the  LM perilune passes  while the vehicles were  at 
the moon. 
m e e t  this requirement.  
where it was proposed to operate  the  DSN tracking 
data handling s y s t e m  in paral le l  with the MSFN 
Wing's tracking data p rocesso r ,  since the latter 
did not contain a doppler resolver .  This special  
configuration is  shown i n  Fig. 15. However, this 
configuration was not actually employed during the 
Apollo 1 0  mis s ion  because,  during the LM perilune 
passes ,  the MSFN Wing at Pioneer  was instructed 
to  t r a c k  the CSM instead. The other  configuration 
proposed by the DSN to mee t  the doppler r e so lve r  
requirement  was  at Mars.  
out the DSN, the  Mars  tracking data handling sys t em 
(TDH) does contain a doppler resolver .  
to meet this requirement  it was m e r e l y  necessa ry  
to  activate the TDH and provide the requested 1 
sample / s  data during the LM perilune period of 
Apollo 10. 
that  used fo r  Apollo 8 is also noted in  Fig. 15. 

The DSN proposed two configurations to  
The first was at Pioneer 

As is standard through- 

Therefore ,  

This difference in  configuration over 

e. Color TV Requirement. A teletype 
message  f r o m  NASA Headquarters t o  GSFC and 
J P L  on May 12, 1969 (6 days before launch) stated 
the following: "Apollo 10 TV (color)  coverage f r o m  
the Goldstone 64-m antenna is now required.  
Coverage interval  t imes in  reference to ground 
elapsed t ime  f r o m  launch a r e  27:15, 54:00, 72:20, 
80:45, 98:15, 106:00, 108:35, 126:20, and 152:35. " 
These TV color coverage times w e r e  in  agreement  
with the tentative coverage t imes that had been 
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supplied by GSFC via teletype message  on May 
10, 1969. 

An additional TV requirement was  added via 
teletype message  on May 16, 1969, f r o m  GSFC to  
JPL. This m e s s a g e  stated in  par t :  "Also request  
that this facility (Mars )  participate i n  the TV 
t r ansmiss ion  present ly  scheduled f o r  launch day, 
s tar t ing at approximately T plus 8:OO. Video 
should be remoted as is planned f o r  subsequent 
TV periods.  'I 

f. Requirement f o r  T ime  Synchronization at 
Goldstone DSCC. On May 12, 1969, the DSN 
received a requirement  t o  employ the Goldstone- 
Standards Laboratory portable ces ium clock to 
synchronize the clocks at the stations participating 
in  Apollo 10 p r i o r  to and after each of the pas ses  
during which the LM was separated f r o m  the CSM. 
This requirement  was not only to  remove the timing 
bias i n  the doppler r e so lve r  data,  but a l so  to  c o r -  
r ec t  a suspended timing e r r o r  at the Goldstone 
MSFN station. 

g. Lunar Module Omniantenna to 64-m 
Antenna Communication Test.  On May 18, 1969, 
at 01:28 GMT, the  DSN received a requirement t o  
pe r fo rm the subject test. 
among other things,  the passing of the Apollo 10 
te lemetry signal f r o m  the Mars  to  the MSFN 
Station. 
as mentioned previously,  it came  only 15 h and 
21 m i n  p r i o r  t o  launch. This t e s t ,  which had an  
important bearing on MSC's design of the Apollo 11 
mission,  was f o r  lunar orbit  4, which occurred 
some 82 h into the mission. Even so,  t h e r e  would 
not have been time to  implement the necessa ry  
inters i te  microwave connections i f  a possible 
requirement f o r  Apollo 10 t e l eme t ry  had not been 
anticipated by the  DSN. 

This test involved, 

Although the requirement  was anticipated, 

h. DSN Operational Readiness Test  (ORT). 
It was planned that  only one DSN ORT would be 
conducted p r i o r  t o  launch to  verify the readiness  
of integrated DSN elements.  Since the concept 
was to  duplicate a s  closely as possible the exact 
support conditions expected during mission opera-  
tions, GSFC and MSC participation was required.  
Rather than schedule this  support  separately f o r  
the DSN ORT, the t e s t  was scheduled to  be run 
concurrently with the MSFN/MSC Network 
Simulation on May 12, 1969, but subsequently 
slipped to May 13, 1969. GSFC and MSC agreed 
to  cooperate fully to meet the following DSN t e s t  
objectives and requirements.  
events (3) and the  resul ts  (4) follow the l ist ing of 
objectives (1) and requirements  ( Z ) ,  below. 

The sequence of 

(1) Objectives: 

Verify Mars  capability to  reconfigure 
f r o m  Mariner  o r  Pioneer  support  t o  
t he  Apollo configuration and complete 
station checkout and countdown within 
3 h. 
Verify DSN/Mars procedures  fo r  
recording and transmitt ing doppler 
r e so lve r  data. 
Verify SDA procedures  for  validating 
doppler r e so lve r  data. 

Verify operational performance of 
the DSN inters i te  microwave link 
between Mars  and Pioneer/MSFN 
Wing and the Mars  interface with t h e  
MSFN d i r ec t  microwave link a s  a 
function of data condition upon receipt  
at Apollo P r i m e  Station. 
Verify GSFC/MSC t r ansmiss ion  of 
required s ta te  vectors  to J P L ,  
addres sed  to JNEC and JTNC. 
Verify performance of SFOF com- 
puter  system, using state vectors ,  
t o  generate  and t r ansmi t  predicts  t o  
Mars.  
Verify procedures  fo r  r e l ease  and 
t r ansmiss ion  of predicts  t o  Mars .  
Verify operational adequacy of voice 
and TTY circui ts  between GSFC and 
J P L ,  between the SFOF and Mars ,  
and between M a r s  and Apollo P r i m e  
Station. 
Verify staffing, interfaces ,  procedures ,  
and internal communications fo r  the 
DSN Apollo Operations Team. 
Verify Pioneer/GDSX interface and 
Pioneer  procedures  for  providing 
doppler r e so lve r  data. 

(2) Requirements : 

(a) Mars:  Configured in  accordance with 
DSIF Configuration Document, Vol. 
VI, 609-22, dated May 1,  1969. Add 
TDH/doppler r e so lve r  data configura- 
tion unless otherwise deleted p r io r  
t o  the test. 

(b) Pioneer:  Communications support  
fo r  c i rcui ts  routed through Pioneer 
communications room. 

(c) GCF: Configured i n  accordance with 
GCF Operating P rocedures  and 
Communications Configuration, Vol. 
IV, 609-12, Revision A, dated 
May 1,  1969, except fo r  deletion of 
Spacecraft  Monitoring Station r equ i r e -  
ments.  

(d) SFOF: 

(1) DSN Operations Control Area: 
OCT, DSN PE, DSN Manager, 
Apollo Track,  T rack  Advisor, 
and Communications PE con- 
soles.  Displays, Apollo time/ 
clock, OVCS, CCTV. 

operations area, computer r/o, 
keypunch, OVCS. 

(3) NAT Area: TTY RO, JTNC and 
JNEC. 

(4) Computer Area: 7044-7094 Mode 2. 
(5) DACON support. 

(2) Mariner  FPAC Area: SDAPE 

(e) GSFC/MSC: 

(1) Transmit  state vectors t o  JPL 
(JTNC and JNEC) at required 
times as established for  the 
Apollo 8 mission. 
Provide voice circui t  patches to 
SFOF voice circuits:  

(2) 
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(a) DSN OPS - NOM/Goddard 
OPS. voice loop. 

(b) GSFC/MSC computer 
coordination loop. 

(c )  GOSS conference loop 2 ,  
l i s ten only. 

(f ) MSFN Goldstone Apollo P r i m e  Station: 

(1)  Provide microwave operator  at 
M a r s  and in te rs i te  direct  mic ro -  
wave link. 
Provide t e s t  signals f o r  data flow 
tes t s .  
Validate condition of t e s t  data 
received. 
Exerc ise  P r i m e  - MARS opera-  
t ional voice circui ts  regarding 
mission/network procedures  and 
direction. 

u s e  with Mars  doppler reso lver  
data. 

(2)  

( 3 )  

(4)  

(5) Provide t iming correlat ion for  

( 3 )  Sequence of Events: 

Although this  tes t ,  tabulated below, was 
conducted during the Apollo 10 Network 
Simulation, it was a separa te ,  DSN 
controlled exercise .  It was understood 
that  the May 13 Network Simulation would 
encompass the CSM-LM lunar  orbit  
rendezvous portion of the miss ion  and 
occur between 04:OO and 21:OO GMT with 
"plus count" activit ies s tar t ing around 
13:OO GMT. 

(4) Results:  

At 09:OO GMT May 13, 1969, Mars  
completed a Mariner  69 t r a c k  and s ta r ted  
station turnaround for  Apollo. Post  
calibrations and countdown were  easi ly  
completed by 12:OO GMT, meeting t e s t  
objective ( l ) ( a ) .  

Tes t  objectives ( l ) ( b )  and ( l ) ( c )  were  met.  
It was recommended that the DSIF Opera- 
tional Procedures  for  Apollo be updated to  
specifically s ta te  detailed procedures  
exerc ised  during the tes t .  

Tes t  objective ( l ) ( d )  was partially m e t  in 
that the M a r s  interface with the MSFN 
direct  microwave link was well exercised. 
Color TV transmissions were  conducted 
a t  var ious signal levels to  determine 
threshold values. However, the MSFN 
P r i m e  Station did not have t ime to  
evaluate PM te lemet ry  data t ransmissions 
via the DSN microwave link. Therefore ,  
both S-band rece ivers  were  tuned to  and 
supporting FM video tes t s .  This resulted 
in  an undiscovered rece iver  output mis- 
patch in the Mars  communications room 
that wasn ' t  detected until the  first t r a n s -  
lunar pass .  
rece iver  output was patched to the MSFN 
FM microwave link, and F M  receiver  
output was patched to the DSN PM 
microwave link. ) 

(What would normally be P M  

Item 

a. 

b. 

C. 

d. 

e. 

f .  

g. 

h. 

i .  

j .  

k. 

1. 

me 

n. 

Time  (GMT) 

09:OO 

09:OO 

09:OO 

12:oo 

12:00-13:00 

11:oo 
(est imate  ) 

12:oo 
(est imate)  

- 

19:45 

19:45-20:00 

Event 

Communication up. Status reports .  

Star t  t e s t  with M a r s  station in  Pioneer  or Mar ine r  configuration. 

Star t  Mars  reconfiguration for  Apollo and station countdown. 

Complete reconfiguration and station countdown. 

Conduct M a r s - P r i m e  data flow tes t s .  
source.  

GSFC/MSC provide init ial  s ta te  vector  to SFOF covering period 
to be simulated,  a t  l eas t  1 h p r i o r  to planned t rack  sims. 

SDA generate and t ransmi t  predicts  to  Mars .  

Status reports .  

P r i m e  provide data 

Status reports .  

M a r s  simulate acquisition and dr ive antenna p e r  predicts .  
T ransmi t  data to P r ime .  

GSFC/MSC provide s ta te  vector updates as required during 
tes t .  

P r i m e  provide simulated data. 

SDA provide update predicts  f o r  M a r s  a s  required during test .  

During lunar  orbi t  p a s s ,  Mars IP ionee r  record  one sample p e r  
second doppler reso lver  data,  s tandard short  format.  T ransmi t  
one sample p e r  10 s doppler reso lver  data, s tandard short  
f o r m  to JSFO. M a r s  use preamble 14/52/40, Pioneer  use 
preamble 11 /52/40. 

SDA "validate" doppler reso lver  data. 

Tes t  end. 

T e s t  critique. 
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Although the ORT cr i t ique recommended 
that P M  te lemet ry  data flow t e s t  be  con- 
ducted p r i o r  to launch, incompatible 
schedules between Mars  and MSFN P r i m e  
prevented this.  

Test  objective ( l ) ( e ) ,  ( f ) ,  and (g) w e r e  
basically me t  a f te r  much difficulty. 
init ial  s ta te  vector received f r o m  MSC 
was approximately t h r e e  hours late.  
Pred ic t s  generated f r o m  this  s ta te  vector 
indicated that the probe impacted the 
moon. Through coordination and analysis 
it was determined that the ZDOT value 
should have had a negative ra ther  than a 
positive sign. A cor rec ted  s ta te  vector 
was received, and predicts  generated and 
t ransmi t ted to  Mars .  I twas recommended 
that M a r s  continue to re ly  on the 29-point 
acquisition m e s s a g e /  Wing 121 8 computer 
output as a backup source  of acquisition 
information. 

The 

Objective ( l ) ( h )  was met .  Difficulty in  
raising GSFC and MSC at t imes  during 
the t e s t  was a resul t  of inadequate net- 
work monitoring ra ther  than communica- 
tions problems. 

Objective ( l ) ( i )  was met .  

Objective ( l ) ( j )  was m e t  af ter  real- t ime 
coordination with GSFC to obtain authori-  
zation for  connecting previously laid 
cables to the Wing's doppler extractor .  

2. DSN Apollo 10 Mission Activities. 

a. Spacecraft  Monitoring Station. Most of 
the support activit ies of the Spacecraft  Monitoring 
Station occurred  before launch. A s  required,  the 
station provided data acquisition and spectrum 
analysis support  during the countdown demonstra-  
tion t e s t s  (CDDT), te rmina l  count, and launch 
phases.  A t  the request of the DSN, the station 
also observed the CSM F M  downlink during the 
t e s t  color TV t ransmiss ions  f r o m  the vehicle on 
the pad. The purpose was to  determine if  any 
special  procedures  or techniques would be required 
for  the upcoming Mars  64-m antenna color TV 
support. (There  proved to be none. ) The station 
prelaunch activit ies a r e  summarized in Table 7.  
The postlaunch signal s t rengths  reported by the 
station a r e  given in Table 8. No problems were  
encountered in providing this  launch support. 

b. Pioneer ,  Tidbinbilla, and Robledo 
Stations. The subvehicle points of the first ear th  
revolution of Apollo 10 were  such that the space-  
craf t  was briefly in  view of Tidbinbilla and Pioneer 
stations. Although the stations a r e  not formally 
committed to support  the ear th-orbi ta l  phase of 
Apollo missions,  attempts a r e  made to  acquire  the 
spacecraft .  Experience on the ear th-orbi ta l  phase 
of previous missions has shown that  the angular 
tracking ra tes  frequently exceed the antenna's 
capability of 0.8 deg/s ,  and that  the  high signal 
s t rengths  sa tura te  the front end of the receiving 
system, producing tracking instability. At 
Tidbinbilla, the Apollo 10 spacecraf t  was in view 
for  about 4 min  during the f i r s t  orbit .  (See Table 
9 for  view periods.  ) 
instability during the pass ,  the 26-m antenna was 
fed directly into receiver  5, bypassing the m a s e r ,  

To avoid any tracking 

while the acquisition aid antenna was fed into 
receiver  6. 
6 were  -82 and -110 dBmW, respectively.  The 
maximum antenna ra te  observed during revolution 
1 was 0.71 deg with no t racking instabil i ty noted. 

Signal s t rengths  f o r  rece ivers  5 and 

The Pioneer  station supported the first ear th-  
orbital  pass  with none of the t racking problems 
mentioned above, because the elevation angle was 
very low. After loss  of signal, the station had a 
fai lure  of the electronic governor on diesel-  
powered generator  1. 
switched in  automatically. 
effect, and the generator  remained on the  hydraulic 
governor during the mission. 

The hydraulic governor 
The re  was no adverse  

The t h r e e  t rans- lunar  passes  of Apollo 1 0  
were  fully supported by the MSFN Wings at 
Pioneer ,  Tidbinbilla, and Robledo. The Tidbinbilla 
MSFN Wing was in the three-way mode for  the 
ent i re  t rans- lunar  phase and encountered no 
problems. The MSFN Wings at Pioneer  and 
Robledo t racked in both the three-way and two-way 
modes,  and no equipment fa i lures  occurred  during 
this phase of the mission. Near the end of the  
second t rans- lunar  pass  over  Goldstone DSCC, a 
tes t  of the combined Pioneer  tracking data handling 
(TDH) System/MSFN Wing Tracking Data P r o c e s s o r  
interface f o r  providing precis ion doppler was 
conducted. 
The problem was t raced  to a low signal level 
between the MSFN Wing rece iver  and the  Pioneer  
TDH. 
completed sat isfactor i ly  during the th i rd  t r a n s -  
lunar  pass.  

The resul ts  were  not satisfactory.  

An amplif ier  was added, and the t e s t  was 

The Pioneer  MSFN Wing supported lunar 
orbi ts  1 through 5 in the three-way mode. 
O-ring ruptured in  the high-pressure hydraulic 
line 1 min p r i o r  to loss  of signal on orbi t  3. 
Repairs were  completed p r i o r  to  orbit  4 with no 
loss  of data. During the next lunar  view period, 
the Pioneer MSFN Wing supported lunar  orbi ts  12 
through 17, and on the subsequent view period, 
orbi ts  24 through 30. During orbi t  13, m a s e r - 1  
gain decreased but was still usable. A magnet 
cur ren t  sett ing was suspected and readjusted 
during occultation, but this  did not solve the 
problem, 
MSFN elected to  continue on m a s e r  1. 
to m a s e r  1 w e r e  completed between lunar  orbi ts  
15 and 16 by replacing the magnet power supply. 

An 

Although m a s e r  2 was available, the 
Repairs 

The Tidbinbilla MSFN Wing t racked lunar  
orbits 3 through 8 in the three-way mode. 
station a l so  supported lunar orbi ts  16 through 20, 
all of which w e r e  in the  two-way mode except for  
orbi t  16. The station also supported lunar  orbi ts  
28 through 31. 

The 

The Robledo MSFN Wing t racked lunar  orbi ts  
7 through 14, a portion of which were  in  the two- 
way mode. 
next s e r i e s  of orbi ts ,  cross-head modulation was 
experienced on m a s e r  1. The station switched to  
m a s e r  2 and supported lunar  orbi ts  20 through 26 
in that configuration. 

During the station countdown for  the 

Each of the MSFN Wings a t  Pioneer ,  Tidbinbilla, 
and Robledo supported two passes  during the t r a n s -  
ear th  phase,  providing full coverage. 
station readiness  t e s t  for  the first t rans-ear th  p a s s  
a t  Tidbinbilla, t ransmi t te r  2 tr ipped off. 
t ransmi t te r  high-voltage power supply rect i f ier  

During the  

The 
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and cabinet door inter locks were  r e s e t  with no 
subsequent fa i lures .  

The DSN MSFN Wing Stations were  re leased  
f rom Apollo 10 miss ion  s ta tus  support on May 26, 
1969, a t  17:30 GMT. 

c. 
- 10. Due to angular t racking r a t e  limitations, 
Mars  does not a t tempt  to  support Apollo ear th-  
orbi ta l  passes .  However, it was planned that the 
first two t rans- lunar  pas ses  would be shor t  
training exerc ises  for  the station and the supporting 
elements within the DSN (Table 6). 
mission,  these  t ra ining passes  were  usurped by 
requirements  to  provide additional color TV 
support (Table 5). 

Mars  (64-m Antenna) Support of Apollo 

During the 

Mars  initially acquired Apollo 10 at 19:50 
GMT, May 18, using a converted MSFN 29-point 
acquisition message .  A t  19:55 GMT, Mars  
momentar i ly  broke t r ack  to change to  a dr ive  tape 
produced f rom predicts  generated by the SFOF. 
Ear ly  in  this  pass ,  the Mars  antenna ra tes  were  
near  the permiss ib le  maximum, and a n  elevation 
angle of 81 deg was reached. This is the highest 
elevation angle a t  which this  station has ever  
t racked a spacecraf t .  During the first color TV 
broadcasts ,  difficulty was encountered in t r a n s -  
mitting the video signals to  the Goldstone MSFN 
Station. 
rece iver  output cables between the control  room 
and the communications room a t  Mars .  Correc-  
tions were  made, and the color  TV t ransmiss ions  
were  supported a s  required. 

The difficulty was t raced  to c rossed  

Mars  countdown for  t rans- lunar  pass  2 was 
completed very quickly, and the station began 
tracking ea r l i e r  than scheduled (Table  6). TV 
support was provided; the phase-modulated te le -  
me t ry  interface was verified; and the tracking 
data-handling sys t em was exerc ised  to  provide a 
t e s t  of the configuration for  acquiring the 
required high-resolution doppler data. During 
th i s  pass ,  a t  20:55 GMT, the frequency and 
timing subsystem jumped four  days and four hours 
in  time. This caused the antenna pointing sys tem 
(APS)  tape reader  to advance a l l  of the dr ive tape 
in sea rch  of the co r rec t  t ime,  and diverted the 
antenna tracking f r o m  the spacecraf t .  The clock 
and tape were  r e se t ,  and the spacecraf t  was 
reacquired a t  21:05 GMT. 
equipment fa i lure  a t  the Mars  station during the 
mission. 

This  was the only 

Mars  support of t rans- lunar  p a s s  3 was a l so  
s ta r ted  ear ly ,  th i s  t i m e  due to a n  unscheduled 
color TV t ransmiss ion  f rom the Apollo spacecraf t .  
Color TV t ransmiss ions  were  a l so  supported on 
pass  4 a s  well a s  providing phase-modulated data 
to  the MSFN Station via the DSN in te rs i te  micro-  
wave link a t  Goldstone DSCC. The data s t r eams  
were  continuous until Apollo 10 experienced its 

first lunar  occultation a t  20:37 GMT. 
emergence f r o m  occultation, Apollo 10 was in  
lunar  orbi t  and the station continued to  support 
lunar  orbi ts  1 through 4, providing both the  CSM 
and LM data s t reams.  
Mars  participated in the special  LM omniantenna 
telecommunications t e  s t p r evious 1 y des c r ibe d. 
The resu l t s  of this  test were  analyzed by the 
MSC, Houston, Texas. Mars  TDH was again 
exercised on lunar  orbi ts  2 ,  3 and 4 in  preparat ion 
for  the requirement  to provide doppler reso lver  
data on the per i lune passes  (13, 14 and 15). 
Spacecraft occultation a t  the end of lunar  orbi t  4 
concluded the Goldstone DSCC view period for  that 
day. 

Upon 

During lunar  orbi t  4, 

The next day, Mars  acquired Apollo 10 near  
the end of lunar  orbi t  11, and continued to  support 
the program through the orbi t  17. A color  TV 
t ransmiss ion  was supported during orbi t  12, and 
the required high-resolution doppler data were  
provided during the LM perilune passes  on lunar  
orbi ts  13, 14, and 15. The high-resolution 
doppler data f rom the lunar  module perilune passes  
were  t ransmi t ted  to the SFOF in near  real- t ime 
for  validation purposes .  

During the next Goldstone DSCC view period, 
Mars  was requested to be on t r ack  1 h ea r l i e r  
than scheduled and to extend the t r ack  to cover  a n  
unscheduled color  TV show. Lunar  orbi ts  24 
through 29 were  supported during this pass .  

Mars  continued to support Apollo 10 for  one 
complete pass  following post t r ans  -ear th  injection. 
Two additional color  TV t ransmiss ions  were  
supported during this  t ime period. 
re leased  by MSC f rom fur ther  Apollo 10 support 
a t  end of t r ack  on May 25, a t  02:08 GMT. 

Mars  was 

d. SFOF Participation. The SFOF areas 
and equipment involved in  the DSN Apollo 10 
operations included the operations center ,  the 
flight path analysis  a r e a ,  the displays, and the 
Mode I1 7044-7094 computers .  
functions were  staffed during all Goldstone 
DSCC view periods and at other  t imes  a s  required 
to  support spec ia l  activities, such a s  the genera-  
tion of additional predict  information for  Mars .  
The predicts  for  Mars  were  both accura te  and 
t imely due to  the receipt of over  60 s ta te-vector  
updates f rom MSC and GSFC. 
problems were  encountered in  the SFOF during 
the Apollo 10 mission.  

These a r e a s  and 

No significant 

e. GCF Participation. The DSN Ground 
Communications Facility provided voice and 
teletype c i rcu i t s  a s  required to support the 
operations, monitoring, and data t ransmiss ion  
activities mentioned in  the foregoing paragraphs.  
The communications configuration is shown in 
Fig. 16. The re  were  no communications problems 
during the DSN support of the Apollo 10 mission.  
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Table 4. Sequence of events,  Apollo 10 miss ion  

Event I GET 
h r  :min : s e c  

Range ze ro  - 16:49:00 GMT, May 18, 1969 

Lift -off 

Maximum dynamic p res su re  

S -IC outboard engine cutoff 

S-II engine ignition (command) 

Launch escape  tower jett ison 

S-I1 engine cutoff 

S-IVB engine ignition (command) 

S-IVB engine cutoff 

Parking orbi t  inser t ion 

JPL Technical Memorandum 33-452, Vol. I1 

0 O : O O : O O .  6 

00:01:22.6 

00:02:41.6 

00:02:43. 1 

00:03:17.8 

00:09:12.6 

00:09:13. 6 
00:11:43.8 

00:11:53.8 

GMT 
May 1969 

18/16:49:00. 6 

18/16:50:22. 6 

18/16:51:41. 6 
18/16:51:43. 1 

18/16:52:17.8 

18/16:58:12.6 

18/16:58:13. 6 
18/17:00:43. 8 

18/17:00:53. 8 
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Table 4 (contd) 

Event 

S-IVB ignition ( t ranslunar  injection) 

Trans lunar  injection (S-IVB cutoff t 10 sec )  

Command and serv ice  module separat ion 

First doc king 

Spacecraft  ejection 

Spacecraft  separat ion maneuver  

First midcourse correct ion 

Lunar  orbit inser t ion 

Lunar  orbit c i rcular izat ion 

Undocking 

Command and serv ice  module separat ion 
maneuver 

Descent orbit inser t ion 

Phasing orbit inser t ion 

Lunar  module staging 

A s  cent inser t ion maneuver  

C oelliptic sequence initiation 

Constant different ia l  height maneuver 

Termina l  phase initiation 

Second docking 

A s  cent stage jettison 
Final separat ion maneuver 

Ascent engine firing to  propellant depletion 

Trans ear th  injection 

Second midcou r s e correct ion 

Command module / s erv ice  module separat ion 

Entry interface (120, 675 km altitude) 

Enter  communi cations blackout 

Exit communications blackout 

Drogue deployment 

Main parachute deployment 

Landing 

GET 
h r  :min : s ec  

02:33:28 

02:39:21 

03:02:42 

03:17:37 

03:56:26 

04:39: 10 

26:32:57 

75 : 5 5 : 54 

80:25:08 

98:11:57 

98:47:17 

99:46:02 

100:58:26 

102:45:17 

102:55:02 

103:45:55 

104:43:53 

105:22:56 

106:22:02 

108: 24:36 
108:43:23 

108:52:06 

137:36:29 

188:49:58 

191:33:26 

19 1 :48: 55 

191:49:12 

19 1 : 53 :40 

191:57:18 

191:58:05 

,192:03:23 

GMT 
May 1969 

18/19:22:28 

18/19:28:21 

18/19: 51 :42 

18/20:06:3 7 

18/20:45:26 

18/21:28:10 

19/19:21:57 

2 1  /20:44:54 

22/01:14:08 

22/19:00:57 

22/19:36:17 

22/20:35:02 

22/21:47:26 

22/23:34:17 

22/23:44:02 

23 / 00 :34: 5 5 

23 /01:32:53 

23 /02:11:56 

23/03:11:02 

23/05: 13:36 
23 /05:32:23 

23/05:41:06 

241 10: 25 : 29 

26/13:38:58 

26/16:22:26 

26/16:37:55 

26/16:38:12 

261 16:42:40 

261 16:46: 18 

26/16:47:05 

26/16:52:23 
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Table 5. Apollo 10 color  TV log 

Numbs8 

Planned 

1 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

1 1  

a ~ ~ t a ~  Dlanns 

Actual 

1 
2 
3 
4 

5 
6 
7 
8 

9 

IO 

1 1  

12 

- 
- 
13 

14 
15 
16 

17 
l e  

19 

ransmissini 

Ground-elapsed time to 
start of transmission 

Planned I Actual 

Transmission 
dun 

Planned 

bAdditional S U D D O ~  Dmvided bv the DSN Mars station (64- antenna). 

MSFN 
Station 

Goldstone 
Goldstone 
Goldstone 
Goldstone 

Goldstone 
Madrid 
Madrid 
Goldstone 

Goldstone 

Goldstoneb 

Goldstone 

Goldstone 

Goldstone 

Goldstone 
Goldstone 

Canberra 
Canberra 
Goldstone 

Goldstone 
Goldstone 

Goldstone 

itinn of 5h52m12s. 

Event 

Separation, Ironsposition, and docking 

CSMllunar module ejection from S-IVB 
View of earth and rpocecraft interior 
View of earth and spocecmft interior 

View of earth and rpocecraft interior 
View of earth and spocecroft interior (recorded) 
View of earth and spacecraft interior (recorded) 
View of earth 

View of earth ond spocecmft interior 

View of eorth and spacecraft interior 

View of lunar surface 

View of separation maneuver 

(Deleted) 

(Deleted) 
View of lunar surface and spacecraft interior 

View of moon port TEI 
View of moon post TEI 
View of receding mom and spacecraft interior 

View of earth, moon and spocecraft interior 
View of earth and spacecraft interior 

View of earth and smcecraft interior 

Table 6. M a r s  station planned tracking schedule 

Scheduled Da te /T ime  (GMT) 

May 1812000 - 19/0100 (Training only) 

May 19/1900 - 20/0200 (Training only) 

May 20/2200 - 2110200 

May 2111600 - 2210600 

May 2211800 - 2310800 

May 2312100 - 2410400 

May 2412100 - 2510400 

Actual 

18/1950 - 19/0100 

1911745 - 20/0200 

2011845 - 21/0200 

21 /1735 - 2210440 

2211824 - 2310623 

2311921 - 2410600 

2411955 - 2510208 
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Table 7. Spacecraft  monitoring station support  activit ies 

Date, 1969 

April  29-30 

May 2 

May 4-5 

May 6 

May 17-18 

Event 

Observed color TV t ransmiss ion .  Tes t  inconclusive due 
to  lack of test s ta tus  coordination between MSFN Merr i t t  
Island Station (MILA) and the Spacecraft  Monitoring 
Station. 

Observed color TV t ransmiss ions .  
spec t rum and spec t rum analysis  of the color  TV indi- 
cated no significant difference f r o m  black and white TV. 
This  information given to Mars .  

Par t ic ipated i n  CDDT beginning at 19:30 GMT, May 4, 
and terminat ing at 14:43 GMT, May 5. The pulse- 
code-modulated (PCM) te lemet ry  at baseband was 
t ransmit ted to  the MILA Station and Polaroid pictures  
were  made  of the received spectrum. 

Part ic ipated i n  the CDDT f r o m  12:OO to 18:15 GMT 
with t h e  same  support  provided on the  previous CDDT. 

F o r  the  te rmina l  count and launch, the  station was  
manned a t  17:OO GMT, May 17. Inters i te  (Spacecraft  
Monitoring Station-MILA) voice and data c i rcui ts  were  
made  between 17:30 and 21:OO GMT. 
at 01:27 GMT, and s ta t ion rece iver  was  phase-locked 
to t h e  signal. Spectrum analysis  of the  CSM signal 
per formed using the automatic spec t rum analysis pro-  
gram.  Plots were  made  at the c a r r i e r  (2287.5 MHz) 
*200 kHz, a t  1. 024 MHz unified S-band *200 kHz, and 
at 1.250 MHz +ZOO kHz. PCM bit  s t r e a m  was t r a n s -  
mit ted to MILA and Polaroid pictures  made  of the 
received spectrum. At launch (16:49 GMT, May 18),  
the Spacecraft  Monitoring Station’s rece iver  was 
locked one way with t h e  CSM. 
maintained until 16:56:30 GMT at which t ime  t r a c k -  
ing was terminated due to horizon loss  of signal and 
support  was completed. 

Polaroid photos of 

CSM S-band on 

Phase  lock was 

Table 8. Apollo 10 signal levels measured  at the spacecraf t  monitoring station tes t  signal f r o m  launch 
to loss  of signal 

GMT, h:min:s 

16:49:W 
16:50:00 
1661 :oO 
16:51:15 
16:51:32 
16:52:W 
16:53:W 
16:54:00 
16:54:30 
16:55:W 
16:55:30 
16:56:W 
16:57:33 

Signal level, 
dbm 

- 69 
~ 69 
-88 

-118 
-130 
-115 
-120 

-I35 
-150 

- 

- 

- - 

Remarks 

At liftoff 
- 
- 

In and out of lock - 
- 
- 
- 

Receiver 1 out of lock 
Receiver 1 in lock 

Receiver 1 out of lock 
Receiver 2 out of lock 

- 
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Table 9. View periods for Goldstone, Honeysuckle and Madrid fo r  Apollo 10 

Station 

GDS 

HSK 

MAD 

G DS 

HSK 

MAD 

GDS 

HSK 

MAD 

G DS 

GDS 

MAD 

G DS 

MAD 

GDS 

HSK 

HSK 

G DS 

HSK 

G DS 

HSK 

G DS 

HSK 
MAD 

MAD 

HSK 
MAD 

MAD 

Rise Time (GET) 

D 

0 

0 

0 

0 

1 

1 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

H 

2 

8 

15 

23 

8 

16 

0 

8 

16 

0 

M 

50 

24 

38 

44 

53 

15 

6 

57 

27 

14 

4 

4 

6 

6 

8 

9 
10 

10 

12 

12 

14 

14 

16 

16 

18 

18 

20  
22 
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Set  Time (GET) 

Lunar Orbit  Insertion 
- 

12 

12 

20 

20 

29 
2 

28 

28 

26 

26 

24 

24 

23 

57 

20 

21 

18 
17 

D 

0 

0 

1 

1 

1 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

H 

13 

17 
7 

14 

18 

7 

14 

18 

3 

3 

5 

5 

7 

7 

9 

9 
11 

11 

13 

13 

15 

14 

17 

17 

19 

18 

21 

23 

M 

46 

19 
2 

21 

4 

12 

29 

18 

38 

37 

37 

37 

45 

17 

41 

41 

39 

39 
38 

38 

36 

42 

34 

34 

32 

52 

30 

28 

- 
Luna 

E 
1 
1 
2 

2 
3 

3 

4 

4 

5 

5 

6 

6 
7 

7 

8 

8 

9 
10 
- 

19 



Table 9 (contdl 

20 

Station 

MAD 

G DS 

GDS 

MAD 

GDS 

MAD 

GDS 

MAD 

G DS 

HSK 
GDS 

HSK 
G DS 

HSK 
G DS 

HSK 
HSK 
MAD 

MAD 

MAD 

M A D  

MAD 

GDS 

GDS 

MAD 

GDS 

MAD 

GDS 

MAD 

G DS 

Rise  T ime  (GET) 

D 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

H 

0 

1 
2 

2 

4 

4 

6 

6 
8 

10 

10 

12 

12 

14 

14 

16 

17 

17 

19 
21 

23 

1 

2 

3 

3 

5 

5 

7 

7 

9 

M 

15 

2 

13 

13 

11 

12 

10 

10 

8 

6 

6 

4 
4 

3 

3 

1 

59 

59 
57 

55 

53 

52 

0 

50 

50 

48 

48 

46 
46 

45 

Set Time (GET) 

D 

4 

4 

4 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
4 

4 

4 

4 

4 
4 
4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

H 

1 

1 

3 

3 

5 

5 

7 

7 

9 
11 
11 

13 

13 

15 

1 5  

17 

19 

19 

21 

23 

1 

3 

3 

5 

5 

6 

7 

8 
8 

10 

M 

27 

26 

25 

25 

23 

23 

21 

21 

20 

17 

18 

16  
16 

14 

14 

13 

11 

10 

8 

7 

5 

3 

3 

1 

2 

59 

0 
58 

1 0  

56 

- 
,una I 
1 rbit 
No. 

i1 

11 

12 

12 

13 

13 

14 

14 

15 

16 

16 

17 

17 

18 

18 

19 
20 

20 

21 

22 

23 

24 

24 

25 

25 

26 

26 

27 

27 

28 

__. 

- 
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Table 9 (contd) 

Rise  Time (GET) Set Time (GET) 
Station 

HSK 

HSK 

G DS 

HSK 

GDS 

HSK 

GDS 

D H 

5 10 

5 11 

5 11 

5 13 

5 13 

5 1 5  

5 15 

M 

1 

42 

43 

4 1  

4 1  

37 

39 

T r an s - Ear th  In j e c tion 

D 

5 

5 

5 

5 

5 

5 

5 

HSK 

MAD 

G DS 

HSK 

MAD 
G DS 

HSK 
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5 

5 

6 

6 

6 

7 

7 

H 

5 

6 

6 

6 

7 

7 

7 

10 

12 

12 

14 

14 

16 

15 

20 43 

8 18 

15 42 

20 54 

8 22 

15 55 

23 48 

M 

17 

18 

2 

10 

19 
3 

10 

56 

54 

54 

52 

52 

51 

40 

29 
58 

39 
11 

14 
2 

3 0  

- 
Luna 1 

0 rbit 
No. 

28 

29 

29 
30 

30 

31 

31 

- 

- 

21 



2 2  

DURATION -61.5 h 

INJECTION INTO 
TRANSLUNAR TRAJECTORY 

Fig. 6. Apollo 10 miss ion  profile 

0 SURFACE DARKNESS M S ~ N  

SC DARKNESS 

I 

CSM SEPARATION 
MANEWER 1 

EARTH 

DI 

%-----. 

OF MOTION 

MOTION OF LM RELATIVE TO CSM 
MOON 

Fig. 7. Separation 

DO1 MANEWER 
2194 cm/r RETROGRADE 
DPS-THROTTLED TO 40% 

17,700 km ABOVE 
LANDING SITE 
RAD I US 

MOON 

Fig. 8. Descent orb i t  inser t ion 
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DPS-FULL THROTTLE MOON 

Fig. 9. Phasing 

/ 
/ 

I 

\ 

\ 

500 km 7 ' j, MSFN AOS 

272 km I 

MSFN I 

RENDEZVOUS AND 
STATIONKEEP 
1828 cm/s USED 

MS 
L 

(RETROGRADE) AP 

/\\k26.6" LOOK ANG: TO CSM 

TPI 36 MIN CDH 
27 km 

Fig. 11. Rendezvous and docking 
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Fig. 12. MSFN inters i te  microwave tower at 
Mars  station 

24 

Fig. 13. Microwave tower at the  Goldstone 
MSFN station 
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Fig. 14. Termina l  equipment for MSFN in ters i te  microwave sys tem a t  M a r s  station 
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1 
COMPUTER 

I G h J  

r 

DSN MARS I 
DEEP SPACE COMMUNICATIONS 

*ACTNATED DURING MARS SUPPORT I I CENTER 

PIONEER/ 
MSFN I GOLDSTONE 

MSFN STATION WING DSN PIONEER 
COMMUNICATIONS 

A. VOICE, SDA-GSFC-MSC H. SPACECRAFT EMERGENCY VOICE 

I. MICROWAVE DATA CHANNELS COMPUTER, STATE VECTOR 
COORDINATION 

MONITOR ONLY 

OR MISSION COMMENTARY L. TTY CIRCUITS, RlLL DUPLEX 
MONITOR ONLY 

D. MAINTENANCE AND OPERATIONS MANAGER-DSN PROJECT 
CONFERENCE LOOP, VOICE ENGINEER 

(2 DUPLEX) 

8. MSFN CONFERENCE LOOP NO. 2, J. TTYCIRCUIT, SIMPLEX 

C. 
K. VOICE, STATION COORDINATION 

MSFN CONFERENCE LOOP NO. 1 

M. VOICE, NETWORK OPERATIONS 

E. UNIFIED S-BAND LOOP, VOICE N. SIGNALING, CONFERENCING, AND 

F. AZA VIDEO CIRCUIT 

G. MAINTENANCE ORDER WIRE, 

MONITORING ARRANGING 

0. MICROWAVE (MSFN) 

VOICE 

Fig. 16 .  Apollo 10 communications requirements  
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IV. THE APOLLO 11 MISSION 

A. Mission Description 

The success  of Apollo Missions 8, 9,  and 10 
made it possible f o r  NASA to at tempt  the mos t  
daring mission of all - -  the  first manned lunar 
landing. On July 16, 1969, a t  13:32 GMT, Apollo 
11 was launched f r o m  Pad 39-A a t  Cape Kennedy 
with astronauts  Neil A. Armstrong (spacecraf t  
commander) ,  Michael Collins (CM pilot) ,  and 
Edwin E. Aldrin, Jr. (LM pilot) on board. The 
launch, inser t ion into ear th  orbit ,  injection into 
a lunar t r a n s f e r  t ra jectory,  and the coast  phase of 
the miss ion  closely followed those of the  Apollo 10 
Mission. Seventy six hours a f te r  launch, Apollo 
11 was inser ted into a 111 by 314 km ell iptical  
lunar  orbit .  
zation maneuver was performed which placed the 
spacecraf t  in  a 122 by 100 k m  orbit .  At 100:12 
GET, the LM undocked f rom the CSM. The descent 
orbi t  inser t ion maneuver was performed by the 
LM descent propulsion sys t em a t  101:30 GET. 
This c r i t i ca l  phase of the mission was t racked by 
the DSNs 64-m antenna a t  Goldstone. Apollo 11's 
LM, nicknamed "Eagle, It successfully landed on 
the moon's Sea of Tranquility at 102:45:39. 9 GET, 
July 20, 1969, and Commander Armstrong 
immediately reported to Mission Control in Houston: 
"The Eagle has landed. ' I  

Four  hours l a t e r  the lunar  c i rcu lar i -  

After donning their  extra-vehicular spacesui ts ,  
the  ast ronauts  depressur ized  the spacecraf t  cabin 
and Armstrong descended the ladder to touch the 
lunar  surface.  Shortly thereaf ter ,  he was joined 
by Aldrin; then the two men s e t  up the experiments 
that  were  to be left  upon the lunar  surface.  This 
sequence was viewed around the world via live TV 
transmit ted f r o m  the  LM to the ear th-based deep 
space communication stations and thence,  via 
communications satel l i tes ,  to the viewing audience. 
The astronauts  remained on the lunar  surface for  
2 h, 14 min pr ior  to  reentering the i r  spacecraf t  
with the lunar-soi l  samples  for  re turn  to ear th .  

Once within the  spacecraf t ,  the ast ronauts  
prepared for  the i r  planned ascent  and rendezvous 
with the orbiting CM. After a successful  launch 
f r o m  the lunar surface,  docking with the CM was 
completed a t  128:03 GET. After as t ronauts  
Armstrong and Aldrin had t ransfer red ,  with the  
lunar  samples  and photographic film, f rom the 
LM to the CM, the ascent  stage of the LM was 
jettisoned. 
was ignited a t  135:23:42 GET on July 22 to re turn  
the three  astronauts  to ear th  in  what proved to be 
a n  almost  perfect  t ra jectory.  

The CM Service Propulsion System 

The Apollo 11 CM splashed down in  the 
Pacific,  southeast  of the Hawaiian Islands, a t  
195:18:35 GET on July 24, thereby successfully 
completing man ' s  f i r s t  venture to  the moon. 
a complete sequence of ma jo r  events re fer  to  
Table 10. All t h r e e  astronauts  and the i r  space 
capsule were  successfully recovered by the USS 
Hornet, where they were  personally greeted by 
President  Richard M. Nixon. 

F o r  

B. Requirements for  DSN Support of Apollo 11 

The requirements  for  DSN support  of Apollo 
11 were  basically the  same  a s  those for  Apollo 8 
and 10. However, since Apollo 11 was to be a 

manned lunar landing mission,  DSN deep space 
communication stations Pioneer,  Tidbinbilla, 
and Robledo were  committed to  support  the m i s -  
sion under d i rec t  MSFN/MSC control s tar t ing 2 
weeks p r i o r  to launch through completion of 
mission. In addition, the MSFN requested that the 
Mars  64-m deep space communications antenna 
located a t  Goldstone be used in  the  support of 
Apollo 11 to  receive and relay planned color TV 
transmissions (Table 1 l ) ,  portable life support 
sys t em (PLSS) data,  t e lemet ry  data,  and voice 
data to the MSFN P r i m e  station during the lunar  
surface operations.  Mars  was a l s o  required to  be 
prepared to  provide emergency support  during a 
contingency situation. The LM descent phase was 
t e rmed  a potential contingency situation because a 
fai lure  of the S-band s teerable  antenna would 
mean a loss  of high bi t - ra te  te lemetry data to  the 
26-m antenna stations required to  monitor the 
performance of the LM guidance system. There-  
fore ,  during the descent phase, Mars  was required 
to  be in  a "standing ready" condition in o r d e r  to 
have signal strength,  voice, and te lemetry data 
instantly available for  the P r i m e  station i f  
necessary.  

Armed with these requirements ,  the DSN 
developed a reasonable Apollo allocation t ime 
schedule for  the Mars  station (Table 12) between 
Apollo and t h e  Mariner  69 Pro jec t  whose Mars  
encounter phase would occur  10 days af ter  the 
Apollo 11 lunar  surface operations.  
additional Apollo support requirements  were  
received la te r  f r o m  NASA, this schedule had to be 
revised. These additional requirements  called for  
the collection of precis ion doppler and signal 
s t rength data f r o m  the LM during descent,  f r o m  
the CSM on two o r  t h r e e  lunar orbi ts ,  and an 
extension of tracking t ime f rom LM/CSM docking 
until one hour a f te r  LM/CSM docking. This 
extension of tracking t ime cut into the Operational 
Readiness Tes t  (ORT) for  the Mariner  69 encounter. 

Because 

A requirement  a lso existed for  synchronizing 
the t ime s tandards a t  a l l  participating Apollo 
stations a t  the Goldstone complex. 
1969, a n  ag reemen t  was reached on the following 
procedure : 

On July 12, 

The portable ces ium clock would be used 
to  m e a s u r e  the frequency offset of the 
frequency combiner (and the cesium, i f  
t ime permi ts ) .  This measurement  would 
be made with respect  to the NBS-clock 
and to  a n  accuracy of one par t  in 
The measurement  would be made a t  the 
Wing and the P r i m e  s i te  within 24 h pr ior  
to the mission,  and within 24 h af ter  the 
mission.  Approximately two to t h r e e  
hours would be needed to  obtain this 
accuracy of measurement .  

At the s a m e  t imes ,  a measurement  would 
be made  of the  offset of the station clock 
with respec t  to  NBS. 

A one -puls e -per  - second tick would be 
distributed via microwave to Pioneer  and 
M a r s  stations. This pulse  originates 
f r o m  the  DSIF s tandards lab, a r r i v e s  a t  

"the s i tes  with known offsets,  and is 
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accura te  to be t te r  than 5 ps. 
would be provided hardwire  access  to  the 
t ime pulse a t  the Pioneer  communications 
room. 

A TWX would be sent  a f te r  each portable 
clock t r i p  to a s tandard distribution l is t  
giving the  resul ts  with respect  to  NBS and 
the expected NBS-USNO offset. 

If additional measu remen t s  were required 
due to fa i lure ,  e tc . ,  the s i te  should con- 
tact  the DSIF timing expert  a t  Goldstone, 
extension 269 or extension 363; home 
phone is 714-252-3645 for  the DSIF tim- 
ing expert .  
normal  response i s  within one hour;  
otherwise,  approximately four hours i s  
the response t ime. 

It was suggested tha t  the t ime schedule f o r  
the measu remen t s  be coordinated between 
the GDS station d i rec tor  and the DSIF 
timing expert .  

GDSX 

During the no rma l  work day, 

This plan was used f o r  Apollo missions 11 
through 13, and was subsequently modified in 
June 1970 ( s e e  Section VII). 
values f o r  Apollo 11 a r e  noted in Table 13. 

The actual measu red  

C. DSN Mission Support 

1. DSN Premiss ion  Activities. 

a. DSN/MSFN Wing Stations. Deep space 
communication stations Pioneer ,  Tidbinbilla, and 
Robledo were  placed under configuration control 
for  the Apollo 11 mission a s  of 0O:Ol GMT on 
July 4, and subsequently placed on mission status 
by the MSFN a s  of 0O:Ol GMT on July 7. P r e m i s -  
sion testing of these  stations and operator  training 
for  the Apollo 11 mission were  conducted by the 
MSFN. 

b. Spacecraft  Monitoring Station. The 
Spacecraft  Monitoring Station supported the p r e -  
launch and launch activit ies (Table 14) of Apollo 11 
in a configuration identical  with that  used for  the 
Apollo 4 to 10 missions.  The station was placed 
under Apollo 11 configuration control a t  0O:Ol GMT 
on July 4 and remained in that condition through 
launch until re lease  a t  19:OO GMT on July 17. 

c. Mars .  The Mars  station was placed 
under configuration control for  Apollo 11 at 0O:Ol 
GMT on July 4 and underwent Configuration 
Verification Testing on July 2/00:00 to  08:OO GMT 
and July 5/13:00 to  21 :OO GMT. The Mars  station 
interface with the  MSFN/Apollo Network is  shown 
in Fig. 17. The new MSFN microwave link between 
Mars  and the Apollo P r i m e  station was fully 
operational for  this  mission. However, s ince the 
second channel of this  link had not been tes ted  in a 
pr ior  mission,  a backup microwave link via the 
DSN Goldstone DSCC sys t em through the GCF 
communications terminal ,  located a t  the Echo s ta -  
tion, and thence to  the Apollo P r i m e ,  was employed. 

As was the c a s e  in the Apollo 10 Mission, the 
SFOF was configured to receive s ta te  vector data 
f r o m  GSFC and the  Manned Spacecraft  Center 
(MSC) and to generate  predicts  which were  for -  
warded to the Deep Space Stations (DSSs) on a daily 
basis .  In addition, Mars  was configured to  record  

high-speed doppler reso lver  data and high-speed 
automatic gain control (AGC) data during the LM 
descent phase in  response to a n  MSC requirement.  
The configuration shown in  Fig. 17 was tes ted  
during the DSN Operational Readiness Tes t  (ORT) 
held on July 10 in collaboration with the Goldstone 
Apollo P r i m e  and Pioneer MSFN Wing stations.  
An attempt was made to schedule this t e s t  con- 
current ly  with the MSFN Net Simulation, but MSFN 
schedule changes precluded the simultaneous 
testing . 
2. DSN Apollo 11 Mission Activities. 

a. Spacecraft  Monitoring Station. The 
Spacecraft  Monitoring Station joined the terminal  
count of Apollo 11 a t  15:30 GMT on July 15 when 
the S-band signal was activated a t  T - 9 h, 30 
min in the countdown. Spectral  analyses  of the 
S-band signal were  taken and provided to  the 
MSFN Merr i t t  Island Station f o r  fur ther  processing. 
The CTS support  was continuous to  launch at 
13:32:00.78 GMT on a launch azimuth of 72.06 deg. 
The S-band signal strength a t  launch was -7G. 6 
dBmW. Horizon loss-of-signal occurred a t  
13:40:28 GMT (8 min, 27 s ground elapsed t ime)  a t  
a signal s t rength of -143 dBmW (see  Table 15). 
Three minor  f lame effect dropouts occurred a f te r  
launch, but otherwise there  w e r e  no anomalies . 
and the station was released by the MSFN f r o m  
fur ther  Apollo support. 

b. Pioneer ,  Tidbinbilla, and Robledo Stations. 
The common eaui.ament a t  Pioneer ,  Tidbinbilla, 
and Robledo Stations used by the  MSFN Wings was 
operational a t  launch. 
earth-orbital ,  lunar- t ransfer ,  lunar-orbital ,  and 
ear th-return phases of the miss ion  ( s e e  Tables 16 
through 19)  with the following anomalies noted: 

These stations supported the 

(1) Pioneer.  While Apollo 11 was enroute 
to  the moon, Pioneer  experienced a n  
infrequent and intermit tent  overload 
t r i p  in t ransmi t te r  1 "beam and body 
cur ren t  fault detector.  " Because of 
this ,  t ransmi t te r  2 was considered 
the p r i m e  link to  the  spacecraf t  and 
t ransmi t te r  1 was placed on standby 
status.  Since both t ransmi t te rs  
might have been needed during the 
t ime the CM was separated f r o m  the 
LM a t  the moon, the MSC released 
Pioneer f r o m  fur ther  tracking during 
lunar  orbi t  2 in o r d e r  to trouble-shoot 
the problem p r i o r  to the LM descent 
phase of the mission. 

The re lease  was effective f r o m  21:59 
GMT on July 19 until spacecraf t  r i s e  
on the next pass.  During this t ime 
period, station personnel  replaced 
the klystron fi lament t ransformer ,  
redressed  the high-voltage leads i n  
the  klystron cabinet and the high- 
voltage power supply, and inspected 
every component f o r  possible clues a s  
to  the cause of the intermittent 
overload t r ip .  
baked continuously until start of p r e -  
calibration for  the  following pass .  
However, these  efforts were  to  no 
avail  and the fault reoccurred twice 
on July 20. Fortunately,  t h e r e  was 
no loss  of data. The cause of this 

The unit was then 
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intermit tent  difficulty is not known a t  
this t ime.  In fact ,  th is  anomaly 
continued to  plague the station even 
during the Mariner  VI and VI1 
encounters,  which followed the com- 
pletion of the Apollo 11 mission. 

During the t r a c k  on July 2 1, water  
contamination interfered with the 
antenna personnel  safety circui t ,  but 
there  was no effect on the mission. 

(2)  Tidbinbilla. On July 18, while 
Apollo 11 was enroute to  the moon, 
Tidbinbilla/MSFN Wing had a ma jo r  
fa i lure  in  t ransmi t te r  power supply 2 
a t  08:25 GMT while the station was 
tracking Apollo 11 in a three-way 
mode. 
tional a t  the t ime.  
short  in  the p r i m a r y  460-V, 3-phase 
sys t em destroyed a l a r g e  p a r t  of the 
power supply's control system. 
The re  was considerable damage to  
internal  wiring, and some  melting 
and fusing of metalwork and panels 
occur red  (Fig. 18). 

As soon a s  the power supply had 
sufficiently cooled, r e p a i r  crews 
s ta r ted  to determine the extent of 
damage and replace the burned com- 
ponents. Fortunately,  s p a r e s  f o r  
cr i t ical ,  long-leadtime i tems  were  a t  
the station. However, additional 
control c i rcui t  components and the 
p r imary  heavy-duty, 3-phase wire  
were  not immediately available. 
These were  obtained by removing 
needed components f r o m  the obsolete 
"L" to  "S" power supply s t i l l  si tuated 
a t  the DSN Woomera station, and by 
airl if t ing the additional needed com- 
ponents and wiring f r o m  the Gold- 
stone DSCC. The station crew,  with 
ass i s tance  f r o m  the MSFN P r i m e  
station a t  Honeysuckle Creek, worked 
around the clock to  repa i r  the power 
supply. Full  r f  power became 
available on t ransmi t te r  2 a t  13:30 
GMT on July 19. As of that  t ime,  
177 manhours had been expended to 
repa i r  the unit. The unit was then 
tes ted under full power until 22:20 
GMT on July 19, a t  which t ime it 
was declared operational and the 
station reinstated to full  Apollo 
support  status.  Tidbinbilla supported 
the lunar  landing and Apollo 11 ' s  
subsequent re turn  to e a r t h  without 
fur ther  incident, 

Transmi t te r  1 was s t i l l  opera-  
A f i r e  caused by a 

(3) Robledo. Apollo 11 operations a t  the 
Robledo/MSFN Wingwere not entirely 
uneventful. During the launch count- 
down,at precisely 10 s before liftoff, 
a g r a s s  f i r e  broke out next to the 
powerhouse. The wind c a r r i e d  the 
f lames to  within 457 c m  of the 
building and filled the generator  room 
with dense smoke to  such an extent 
that the diesels were  in danger of 

suffocating. However, the f i r e  was 
rapidly brought under control and no 
h a r m  was done. 

During pre-calibrations for  t ranslunar  
injection pass  1, the combiner water  
load flow tripped off both t r a n s m i t t e r s  
due to  a i r  getting into the system. 
This problem was rapidly cleared and 
the station came up on t ime f o r  the 
tracking. On two occasions,  the 
high-voltage a c  over  cur ren t  tr ipped 
and took out the p r i m e  t ransmi t te r ,  
The first instance was during t r a n s -  
lunar  coast  p a s s  3 when the station 
was in  the two-way mode; the second 
was during t rans-ear th  coast  p a s s  1 
when the station was in  a three-way 
mode. On both occasions,  the standby 
t ransmi t te r  was unaffected. Ambient 
tempera tures  in  the t ransmi t te r  
power supply room w e r e  around 100°F  
a t  the t ime. 

During t ranslunar  coast  pass  3, the 
400-Hz converter  in  the powerhouse 
failed and took out both t ransmi t te rs  
during the two-way tracking. Ambient 
tempera ture  in the powerhouse was 
130 " F  and the converter  was working 
only at half-rated capacity. However, 
the over-voltage relay tripped the  
output breaker  and, within 2 s, the 
operator  had switched over to  the 
standby converter.  Subsequently, 
both converters  were  paral le led and 
a fan installed to cool the relays and 
breakers .  

In one case,  the t ransmi t te r  heat- 
exchanger over- temperature  cutout 
t r ipped during pre-cal ibrat ions when 
the three-way (mixer)  valve jammed 
open and bypassed the  klystron 
coolant away f rom the radiator.  
took out the standby t ransmi t te r  just  
before t ranslunar  coast  pass  4, but 
the problem was cleared in t ime f o r  
the tracking. 

Most of the foregoing difficulties 
were  direct ly  or indirectly a t t r ib-  
utable to the  high outside tempera ture  
that  prevailed at the t ime of the 
mission,  which a l so  influenced the 
capability of t h e  station's control-  
room air-conditioning sys t em to 
keep the various equipment racks 
within the i r  operating limits. 
Despite these  difficulties, Robledo 
successfully supported the Apollo 11 
mission. 

This  

(4) Mars .  A s  mentioned ear l ie r ,  the 
original requirement  for  Mars  
participation in  the Apollo 11 mission 
was to provide TV coverage during 
lunar  surface operations since the 
LM erectable  high-gain antenna would 
not be c a r r i e d  on the first manned 
landing mission,  and the additional 
gain of the Mars  64-m antenna over  
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that  provided by the 26-m antenna 
stations would be necessa ry to  receive 
the TV t ransmiss ion  via the LM 
60-cm steerable  antenna. However, 
the  experience gained on the Apollo 
10 miss ion  caused a modification to 
the flight plan and its resulting 
support  requirements  f rom Mars .  

It was discovered that during the 
LM descent phase, the spacecraf t  
a t t i tude  changes tha t  were  necessary  
to  pe r fo rm a landing on the moon 
could cause dropouts i n  the high bit- 
r a t e  te lemet ry  s t r e a m  into a 26-m 
antenna. Since such dropouts could 
cause  the miss ion  to  be aborted, the 
MSC decided to  delay the LM descent 
f r o m  lunar  orbi t  13 to lunar  orbi t  14 
so  that the descent  would be visible 
f r o m  the Mars  station thereby pro-  
viding high b i t - ra te  te lemet ry  backup 
via the spacecraf t  omniantenna. In 
so doing, th i s  would shift the nominal 
t ime-l ine for  the as t ronauts '  descent 
to  the  lunar  sur face  and the lunar  
sur face  operations to  very l a t e  i n  the 
Mars  view period,  with a muchlower 
probability of TV coverage. 
set th i s  la t te r  condition, the MSFN 
made  ar rangements  with the 
Austral ian government to utilize the 
Parkes-Aust ra l ia  64-m radio as t ron-  
omy antenna to  provide the des i red  
lunar  surface TV coverage. 

Since, during the actual  mission,  
Commander Armst rong  decided to 
advance the lunar  sur face  operations 
to  e a r l i e r  in  the t ime  schedule, both 
the  Mars  and the Pa rkes  64-m 
antennas were  able  to provide cover-  
age  during that  time period. Mission 
Control Center a t  MSC made a n  
operational decision to  have the 
Pa rkes  antenna provide the TV cover-  
age  and the Mars  antenna provide the 
very  important  portable  life-support 
sys t em (PLSS) te lemet ry  coverage 
during this very  c r i t i ca l  period. Both 
64-m antennas performed excellently. 

The first Apollo 11 t r a c k a t  Mars  was 
a training pass  on July 17 ( seeTab le  
20). This  was a shor t  pass  to check 
out the station configuration. 
However, a color  TV t ransmiss ion  
f r o m  the CM was supported and the 
data routed to the MSC. During this  
pas s ,  Mars  was directed by MSFN to 
t r ack  the SIV-B instrumentation unit 
(IU); however, no requirement  had 
ever  been established for  Mars  to 
t r ack  the discarded SIV-B. This 
mis take  was quickly rectified and 
CSM tracking was resumed byMars .  
A second training pass  was supported 
la te  on July 17 and ca r r i ed  over  to 
July 18, during which additional color  
TV was received f r o m  the Apollo 11 
spacecraft. The July 18/19 training 
was preceded by an  emergency t r ack  
of the  P ioneer  VI spacecraf t ,  which 
had been reported in  difficulty. 

To off- 

However, Mars  was able to  reconfigure 
into an  Apollo configuration and t r ack  
the spacecraf t  i n  t ime  for  a scheduled 
color  TV transmission.  Apollo 11, 
at that t ime,  was still enroute to  the  
moon. Mars  s ta r ted  the formal  
Apollo 11 support on July 19, a t  
spacecraf t  rise a t  18:Ol GMT, while 
the  spacecraf t  was t ravers ing  the 
front  of the moon in  its first lunar  
orbit. Lunar-orbi t  support continued 
with high-resolution doppler data being 
taken just p r io r  to  occultation on lunar  
orbi ts  2 and 3, during a communica- 
tions t e s t  during lunar  orbi t  4, and 
during an  additional high-resolution 
doppler test at occultation during 
lunar  orbi t  5. 
t racked  lunar  orbi t  6, which was the 
l a s t  scheduled t r ack  for  the day. 

In preparat ion for  the c r i t i ca l  LM 
descent  to  the surface,  Mars  began 
pre-cal ibrat ions at 11:30 GMT and 
completed them a t  16:48 GMT on 
July 20. 
LM shortly a f te r  moonr ise  a t  19:48 
GMT while the LM was beginning its 
descent  t o  the lunar  surface and a s  
it exited moon occultation. High- 
resolution doppler data and high-speed 
AGC records  were  taken f rom then 
until touchdown in  accordance with 
MSC requirements .  P r i o r  to the 
powered descent, two shor t  rece iver  
dropouts occurred  due to low received 
signal strength. The l a s t  5 min  p r io r  
t o  touchdown provided a good signal 
and Mars  had solid rece iver  lock. 
After touchdown, the LM phase-  
modulated (PM) s ignal  s t rength was 
s table  at -93 dBmW through the 
cabin depressurizat ion,  which 
occurred  a t  02:26 GMT on July 21, 
and the opening of the hatch at 02:40 
GMT. 
miss ion  showing man ' s  first s tep on 
the moon a t  02:56 GMT in collabora- 
tion with the Parkes-Aust ra l ia  64-m 
antenna. Mars  continued t o  support  
the surface operat ions and the 
as t ronauts '  re turn  to  the vehicle up 
until the  spacecraf t  s e t  on Mars  
horizon a t  05:43 GMT while the LM 
was still in  the frequency-modulated 
(FM)  mode. 
experienced during this pass .  

The Mars  station next acquired 
Apollo 11 a t  moon r i s e  a t  20:07 GMT 
on July 21, a t  which t ime the LM was 
t ravers ing  the f ront  of the moon 
during its ascent  to  rendezvous with 
the CM, which a t  that  time was in  
lunar  orbi t  26. M a r s  supported lunar  
orbi t  27 a s  the spacecraf t  exited 
moon occultation and continued through 
the docking of the two spacecraf t ,  
which occurred  during lunar  orbi t  27. 
The successful  completion of the 
docking maneuver  completed Mars  
commitment to Apollo 11 and the 
MSFN re leased  the station f rom 
fur ther  active support in  o rde r  that  

Mars  then successful ly  

The station acquired the 

Mars  supported the TV t r a n s -  

There  were  no anomalies  
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the  station might proceed with the 
Mar ine r  VI pre-encounter activit ies,  
with the  understanding that the station 
would respond within 4 h should it 
become necessary  to  support  a n  
Apollo 11 emergency -- which 
fortunately did not occur.  

(5) SFOF Participation. The SFOF a r e a s  
and equipment involved in the DSN 
Apollo 11 operations included the 
Operations Center,  the  Flight Path 
Analysis Area,  the displays and the 
IBM 7044-7094 Mode I1 computers.  
These a r e a s  and functions were  staffed 
during all Goldstone DSCC viewperiods,  
and a t  other  t imes  a s  required,  to  
support  special  activit ies such a s  the 

generation of additional predict  inform- 
ation for  Mars .  The predicts for  
M a r s  were  both accura te  and t imely 
due to  the prompt receipt  of s ta te  
vector  updates f r o m  MSC and GSFC. 
No significant problems were  
encountered in  the SFOF during the 
Apollo 11 mission. 

(6) GCF Participation. The DSN GCF 
provided voice and teletype circui ts  
similar to  those f o r  Apollo 10 (Fig. 
16)as  required to support  the opera- 
t ions,  monitoring, and data t r a n s -  
mission activit ies mentioned in  the 
foregoing paragraphs.  No communi- 
cations problems constrained the DSN 
support  of the Apollo 11 mission. 
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Table 10. Sequence of events, Apollo 11 mission 

Event 

Range z e r o  - 13:32:00 GMT, J u l y  16, I969 
Lift  -off 
S-IC outboard engine cutoff 
S-I1 engine ignition (command 
Launch escape tower jett ison 
S-I1 engine cutoff 
S-IVB engine ignition (command) 
S-IVB engine cutoff 
Translunar  injection maneuver 
Command and se rv ice  module/S-IVB 

s epa r a  tion 
First docking 
Spacecraft ejection 
Separation maneuver ( f rom S-IVB) 
First midcourse correct ion 
Lunar orbi t  inser t ion 
Lunar orbi t  c i rcular izat ion 
Undocking 
Separation maneuver ( f rom ‘lunar module) 
Descent orbi t  inser t ion 
Powered descent  initiation 
Lunar landing 
Egres s  (hatch opening) 
[ngress  (hatch closing) 
Lunar lift-off 
Coelliptic sequence initiation 
Constant differential height maneuver 
Terminal  phase initiation 
Docking 
Ascent s tage je t t ison 
Separation maneuver ( f rom ascen t  s tage)  
T ransea r th  injection maneuver 
Second midcourse correct ion 
Command module/service module 

separat ion 
Entry interface 
Landing 

*Engine ignition time. 

GET 

00: 00: 00.6 
00:02:41. 7 
00:02:43. 0 
00: 03: 17. 9 
00: 09: 08. 3 
00: 09: 12. 2 
00:11:39. 3 
02:44: 16. 2* 
03: 17: 04.6 

03:24: 03. 1 
04: 16: 59. 1 
04:40:01.8* 
26:44:58. 7* 
75:49: 50.4* 
80:11:36.8* 

100:12:00 
100: 39: 52. 9* 
101:36:14* 
102:33: 05. 2* 
102:45:39. 9 
109: 07: 33 
111:39: 13 
124:  22: 00. 8* 
125: 19: 36:: 
126: 17:49.6* 
127:03:51.8* 
128: 03: 00 
130:09:31. 2 
130: 30: 01* 
135:23:42. 3* 
150:29:57.4* 
194:49: 12.7 

195: 03: 05.7 
195:18:35 

GMT 

16/13:32:00 
16/13:34:41.7 
16/13:34:43. 0 
16/13:35:17. 9 
16/13:41:08.3 
16/13:41:12. 2 
16/13:43:39.3 
16/ 16: 16: 16. 2 
16/  16:49: 04.6 

16/16:56:03.1 
16/17:48:59.1 
16/18:12:01.8 
17/16:16:58.7 
19/17:21:50.4 
19/21:43:36.8 
20/ 17:44: 00 
20/18:11:52. 9 
20/19:08:14 
20/20:05:05. 2 
20/20:17:39.9 
2.1 / 02: 39: 33 
,211 05: 11 : 13 
21/17:54:00.8 
21/18:51:36 
21/19:49:49.6 
21/20:35:51.8 
211 21:35: 00 
21/23:41:31. 2 

22/04:55:42. 3 
22/20:01:57.4 
24/16:21:12.7 

22/00:02:01 

241 16:37:05.7 
24/16:50:35 

Table 11. Planned color TV transmission coverage for Apollo 11 

Date 

July 17 

July 18 

July 19 

July 20 

July 21 

July 21 

July 23 

July 23 

T imes  of 
Planned 
TV GMT 

23:32 - 23:47 

23:32 - 23:47 

20:02 -20:17 

17:52 - 18:22 

-05: 57 - 06: 07 

06:12 - 08:52 

01:02-01:17 

23:OZ -23:17 

GET 

34: 00 - 34: 15 

58:OO -58:15 

78:30 - 7 8 ~ 4 5  

100:20 - 100:50 

112:25 -112:35 

1 1 2 ~ 4 0  - 1 1 5 ~ 2 0  

115:30 - 155:45 

177:30 - 177:45 

P r i m e  Site 

Golds tone 

Goldstone 

Golds tone 

Madrid 

Golds tone 

*Parkes 

Golds tone 

Golds tone 

Event 

Translunar  Coast  

Translunar  Coast 

Lunar  Orbi t  (general  
su r f ace  shots)  

CM/LM Formation Flying 

Landing Site Tracking 

Black -and -White Lunar  
Surface 

Transea r th  Coast 

T ransea r th  Coast  

:64-m antenna at Pa rkes  Observatory,  Australia 
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T r a c k  Time (GMT) 

J u l y  17/0030 - 17/0500 

17/2330 - 18/0500 

1812330 - 19/0500 

1911730 - 20/0430 

20/1800 - 21/0600 

21/1930 - 22/0130 

I I 1 

Event 

DSN Training P a s s  

DSN Training P a s s  

DSN Training P a s s  

Lunar  Orbi t  Support 

LM Descent and Surface 

Rendezvous and Docking 

Table 13. Clock synchronization measurements  for  Goldstone MSFN stations 

Lead (t) or Lag ( - )  Time  Relative to NBS Clock 8 
(Microsecond s )  

1969 date 

Date 
(1969) 

GMT 

start I End 
Test 

15 Ju l  

1 7  Ju l  

21 Ju l  

23 Ju l  

24 Jul  

Apollo Prime Station 

Clock A 

$2 .7  (2308) 

t 3 .  5 (1628) 

$5. 5 (1615) 

t 6 . 2  (1530) 

t 6 .  5 (0348) 

Clock B 

t 2 .  8 (2311) 

t 3 . 6  (1631) 

t 5 . 6  (1619) 

$6.3 (1532) 

t 6 .  5 (0350) 

Apollo Wing Station 1 
Clock A 

0. 0 (2343) 

0 .0  (1658) 

-0. 1 (1643) 

-0. 3 (1908) 

-0 .3  (0410) 

Clock B 

0 . 0  (2345) 

0 . 0  (1658) 

0.  0 (1645) 

-0 .2  (1910) 

-0 .  2 (0412) 

NOTE: Values in  parentheses  give t ime of day of the measurement  
in GMT. 

6/27 
7/1 
7/2 
7/3 

7/15 
7/16 

C D D ~  lwei) 
CDDT [wet] 

CDDT (wet) 
CDDT(drr1 
Countdown and launch 
Countdown ond launch 

1 3 a  
22:cQ 

0 3 6 0  
11:oo 

- 

19:cQ 

12:cQ 
13:32 

- 

- 
13:40 

34 

I aCountdovn demonsfration lest. I 
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Table 15. Apollo 11 signal level  v s  t ime as recorded at spacecraf t  monitoring station 

GMT Signal Level Signal Level GMT 

133200 
10 
20 
30 
40 
50 

133300 
10 
20 
30 
40 
50 

133400 
01 
32 
40 
50 

133500 
10 
18 
27 
27 
49 

-70.6 LIFTOFF 
-68.0 
-69.6 
-68.6 
-73.1 
-75.8 
-81.7 
-71. 3 
-76.. 3 

.-80.8 
-85.8 
-95.4 

-111.3 
OUT -0 F- LOCK 
-130. 7 
-117.0 
-109.4 
-111.9 
-117.0 
OUT -OF- LOCK 
IN-LOCK 
-121.4 
-104.4 

133600 
10 
20 
30 
40 
50 

133700 
10 
20 
30 
40 
50 

133800 
133802 
133915 

15 
20 
30 
40 
50 

134000 
10 
20 

134028 

-103.9 
-104.1 
-105.1 
-105.6 
-106.7 
-107.4 
-109.9 
-111.3 
-112.7 
-114.0 
-115.6 
-117.3 
-118.8 
OUT-OF-LOCK 
IN-LOCK 
-1 34.6 
-135.6 
-133.8 
-135.9 
-1 36.6 
-137.2 
-135.1 
-143.0 
OUT-OF-LOCK 

Table 16. Pioneer  tracking r epor t  

Date 
1969 

17 July 
Day 198 

P a s s  or 
Orbit 

Tracking 
Time Tracking Mode Anomalies Affecting Support 

Ea r th  Orbit 1 

Ea r th  Orbit 2 

Unreported 

Unreported 

Unreported 

One -way 

Three-way (CSM) 

Two-way (S4B) 

Three-way (CSM) 

Two-way (S4B) 

During two-way t r a c k  TXR 1 
tripped off while increasing 
power f r o m  2 to  10 kw. Off 
t i m e  less than one minute. 
of data unknown. Operator 
e r r o r .  

Loss  
Translunar  
Coast 

18 July 
Day 199 

19 July 
Day 200 

20 July 
Day 201 

T rans lunar 
Coast 

Unreported 

Unreported 

Unreported 

Three  -way None. 

Two-way 

Three-way 

None. T rans lunar  
Coast 

Three-way Station released f r o m  t r ack  after 
4-112 hours of a scheduled 10- 
112 hour pass  to  do maintenance 
on TXR 1. 

Lunar Orbits 
1 and 2 

21 July 
Day 202 

22 July 
Day 203 

Power 
Descent 
Initiation and 
Lunar Surface 
Tracking 

LM Orbits 
26 th ru  31 

Unreported 

Unreported 

Two-way 

Three-way 

During t r ack  antenna indicated 
emergency stop. Problem was 
water  i n  switch box from recent  
rains.  Total off t ime,  1 minute 
18 seconds. No loss  of data. 

None. Two-way 

23 July 
Day 204 

Transea r th  
Injection 

Unreported Three-way None. 
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Table 16 (contd) 

Date 
1969 

24 July 
Day 205 

Tracking Mode Anomalies Affecting Support P a s s  or Tracking 
Orbit Time 

Transear th  Unreported Three-way None. 
Coast 

P a s s  or I ?;:; I Orbit Tracking Mode Anomalies Affecting Support Tracking 
Time 

Unreported Three-way 

Unreported 

Unreported 

Three  -way None. 

Three  -way None. 

22 July 
Day 203 

23 July 
Day 204 

Transear th  Unreported Two-way None. 
Coast 1 

Three-way 

Transear th  Unreported Three-way None. 
Coast 2 

NOTE: Pioneer  had a problem with TXR 1 body over-current ,  
a r c  detector  and rect i f ier  fa i lure  during each day f r o m  
the start of mission support. 
problem affected mission support  a r e  noted above. 

The only t imes  this 

Table 17. Tidbinbilla tracking repor t  

i In spi te  of a f i r e  in  a t ransmi t te r  
power supply cabinet, t h e r e  was 
no loss  of mission support. 

T rans  luna r 
Coast 2 

18 July 
Day 199 

19 July 
Day 200 

Trans  lunar 
Coast 3 

20 July 
Day 201 

Lunar Orbits 
4 t h r u  9 

21  July 
Day 202 

Lunar Oribts Unreported Two-way (CSM) None. 
17 t h r u  22 

Robledo tracking report  Table 18. 

Date 
1969 

Pass or 
Orbit  

Tracking 
Time Tracking Mode Anomalies Affecting Support 

None. 16 July 
Day 197 

T r a n s  lunar AOS 1658502 
LOS 20472 

Two-way and 
Three  -way 

T r a n s  lunar  
Coast 2 

AOS 0948102 
LOS 2131002 

Two-way and 
Three-way 

None. 17 July 
Day 198 

18 July 
Day 199 

Trans  luna r 
Coast 3 

AOS 1014232 
LOS 
Unreported 

Two-way and 
Three-way 

1. Data lost  when 400 cycle gen- 
e r a t o r  under-voltage relay 
failed. Result - los t  both 
TXR's for  8 minutes and 
12 seconds. 

TXR 1 beam interlock tripped, 
Lost TXR for  15 seconds. 
Data lost  for  this 15 second 
period. 

2. 
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Table 18 (contd) 

19 July 
Day 200 

20  July 
Day 201 

21 July 
Day 202 

Pass o r  I I Orbit  

Translunar  AOS 1023502 Two-way and None. 
Coast 4 LOS 2021492 Three-way 

Lunar  Orbi t s  AOS 1153172 Two-way and None. 
10 t h r u  14 LOS 220700Z Three-way 

Lunar  Orbi t s  AOS 1153172 Two-way and None. 
22 th ru  27 LOS 2231002 Three-way 

Tracking Mode Tracking 
Time 

AOS 1259142 
LOS 2117002 

AOS 1323102 
LOS 2231482 

Anomalies Affecting Support 

Three-way None. 

Two-way and None. 
Three-way 

Table 19. Goldstone, Honeysuckle and Madrid view periods fo r  Apollo 11 

Station 

HSK 

G DS 

MAD 

GDS 

HSK 

MAD 

G DS 
HSK 

MAD 

GDS 

HSK 

MAD 

GDS 

HSK 

MAD 

GDS 

HSK 

MAD 

GDS 

HSK 

MAD 

GDS 

HSK 
MAD 

GDS 

HSK 

16 /143 1 

1500 

1651 

1626 

16/2354 

17/0927 

17/1713 

18/0004 

18/0955 

18/1731 

19/0006 

19/1005 

19/1751 

20/0010 

20 / 1046 

20/1834 

21 /0034 

21/1335 

21/1934 

22/0113 

22/1226 

22/1953 

23/0058 

23/1248 

23/2023 

24/0109 

1437 

1505 

2118 

17/0516 

17/1100 

17/2204 

18/0535 

18/1133 

18/2209 

19/0639 
19/1144 

19/2211 

20/0516 

20/1225 

20/2232 

21/0613 

2 1 /1247 

21/2239 

22/0631 

22/1356 

22/2350 

23/0629 

23/1412 

23/2247 

24/0529 

24/1630 
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Table 20. Tracking support  chronology, M a r s  station 

P a s s  1: 16/17  July 1969, Day 1971198 

GMT 

223730 

2250 

231 1 

2339 

2345 

000610 

0021 14 

0420 

0445 

Event 

Acquired S I C  (CSM) using predicts  set  102. 
level high - approximately -70 dbm. 

SIC TLM being t ransmit ted to Apollo Prime station 
for validation of system. 

Requested to  t rack  Instrumentation Unit (IU) instead 
of CSM. 

Signal 

Requested t o  t rack  CSM instead of the IU. 

Tracking CSM PM data at -101 dbm on RCVR 9. 
RCVR 10 on CSM F M  channel. Pred ic t s  set 102 
required no HA/DEC offset. 

Video being received and t ransmit ted to  Apollo 
P r i m e  Station 

End of video sequence. 

Transmit t ing predicts  se t  103 for  next day ' s  use.  

LOS at -108 dbm. End of pass .  

N o  hardware anomalies were  experienced. N o  hardware anomalies were  experienced. 

P a s s  2: 17/18 July 1969, Day 198/199. P a s s  2: 17/18 July 1969, Day 198/199. 

GMT 

183050 

1914 

1958 

2001 

2050 

2135 

21 56 

230252 

231452 

233133 

Event 

Acquired SIC at -107 dbm. 

Signal varying between -105 and -127 dbm slowly. 

Receiving video f rom SIC for  test purposes .  
snowy. 

Still recording video for t e s t  purposes .  

Los t  c a r r i e r  on RCVR 10 only. 

Using predicts  se t  103. 
0.020 degrees  and DEC -0.010 degrees .  

Started TDH a t  1 and 10 second samples  to  exerc ise  
system. 

Started video t e s t  sequence with S I C .  
-107 dbm. 

Video sequence terminated.  

Video sequence started with P M  signal at -87 dbm. 

P ic ture  

Offsets reported a s  HA t 

PM signal at 
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Table 20 (contd) 

GMT 

000719 

003712 

P a s s  2: 17/18 July 1969, Day 198/199 (cont'd) 

Event 

Video sequence ended with PM signal still a t  -87 dbm. 

S I C  still on high gain antenna with signal a t  -87 dbm. 

0133 

01 52 

S / C  to  low gain antenna. 
dbm t o  -127 dbm. 

Momentary l o s s  of signal. 

Signal varying f rom -108 

LOS at -118 dbm - -  end of pass .  

0506 I 
No hardware anomalies were  experienced. 

I 
P a s s  3: 18/19 July 1969, Day 199/200. 

GMT 

2032 

204030 

2216 

0 240 

0351 

0458 

Event 
~~~ 

S / C  acquired a t  signal strength of -91 dbm. 
using high gain antenna. 

Receiving S/C video at a PM channel signal level of 
-91 dbm. 

Video ended. P M  downlink at -90 dbm. Predic t s  set  
110 in u s e  show no offsets.  

S I C  

Predic t s  set  11 1 being t ransmit ted.  

MSFN conducting a TLM threshold t e s t  using Mars .  
Tes t  reported a s  not successful.  
t e s t  with Apollo P r i m e  Station. 

Secured antenna due to  high winds. 
-113 dbm. End of pass .  

Attempting same 

Signal level a t  

No hardware anomalies  were  experienced. 
I 

it terminat ion of pas s  3, Apollo P r i m e  Station and Mars  conducted a PLSS 

Portable  life support  sys tem)  data flow test .  Tes t  was reported a s  successful.  
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Table 20 (contd) 

GMT 

180131 

191218 

195542 

1953 

202953 

2116 

21 1900 

212045 

220706 

2312 

231715 

000300 

003822 

01 1538 

02021 0 

03038 

031405 

040225 

051225 

Event 

S/C acquired a t  signal level of -95 dbm with S/C in  
lunar  orbit  # l .  

LOS at -119 dbm for  orbit  # l .  

AOS a t  -95 dbm for  orbi t  # 2  and receiving video. 

P red ic t s  set  11 3 being t ransmit ted.  

Video sequence ended a t  PM signal level  of -93 dbm. 

TDH data for  occultation experiment s tar ted.  

S / C  data mode 8-Emergency voice. 
affect the occultation TDH d a t a .  

LOS on orbit  # 2 .  

AOS on orbit  #3. Signal level at -93 dbm. Predic t  
offsets a r e  zero.  

Occultation TDH data  s tar ted.  
way during TDH period. 

LOS on orbi t  #3. 

AOS on orbi t  #4  at signal level of -1 1 8  dbm. 
Tracking CSM vehicle.  

Tracking LM at signal level of -118 dbm. 
ducted comm t e s t  with S/C using TLM, voice, and 
emergency voice modes.  
Apollo and Mars .  Tes t  successful.  

LOS on orbi t  #4  a t  signal level  of -1 15  dbm. 

AOS on orbi t  #5 on CSM vehicle. 
dbm. 

TDH star ted for  the orbi t  occultation data. 

LOS for orbi t  #5 at signal strength of -94 dbm. 

AOS on orbi t  #6 on CSM at signal level  of -95 dbm. 

LOS on orbi t  #6 st i l l  on CSM. 
End of pass .  

This  data may 

Signal level  at -111 dbm. 

MSFN Hawaii was two- 

Signal level at - 11 8 dbm. 

Also con- 

Comparison made  with P r i m e  

Signal strength -94 

Signal level of -95 dbm. 

No hardware problems were encountered during th i s  pass .  
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Table 20 (contd) 

P a s s  5: 20/21 July 1969, Day 201/202. 

GMT 

1940 

1948 

195049 

195507 

195525 

200521 

200558 

201 842 

2025 

2110 

0105 

0135 

0139 

0144 

0212 I 

0222 

025432 

054330 

0730 

Event 

Predic t s  set  114 being t ransmit ted.  

AOS on orbit  #14 on LM. 

Signal still in phase lock 

Out of lock 

In lock 

Out of lock 

In lock 

LM touchdown on lunar surface? 

Started playback t o  SFOF of TDH data recorded a t  
1950 GMT. 

Signal level  of LM on lunar surface a t  -93 dbm. 

Good t r a c k  at a signal level  of -98 dbm ( just  like a 
Mariner  t r ack  but higher in signal level) .  

Signal still at -98 dbm. 

Started short  test video sequence. 
strength not available,  

Signal f rom LM at  -98 dbm on PM downlink. 

Voice downlink now being used. 

Predic t s  offset at HA = 0.000 and DEC = to. 005 degrees  

Video sequence s tar ted.  

Video sequence completed with LOS. 

Completed t ransmiss ion  of predict  se t  116. 
There  were no equipment anomalies  during th i s  pass .  

Signal strength -116 dbm. 

PM downlink signal 

End of pass .  

Pass 6: 2 1 / 2 2  July 1969, Day 202/203. 

GMT 

200740 

203703 

212320 

223517 

2240 

Event 

AOS on orbit  #26. 

LOS on orbi t  #26. 

AOS on orbit  # 2 7  on LM. 

LOS on orbit  # 2 7  on LM. 

Station released f rom NCG-725 support  with the  excep- 
tion of emergency cal l  up support. 

Instructions a l so  given t o  the  station to  maintain Apollo 
configmration control  until splash down. 

There  were  no equipment anomalies  during this  pass .  

Receiving LM downlink a t  -92 dbm. 

LM downlink signal fade at -130 dbm 

Signal -112 dbm. 

Signal at -94 dbm. 
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ANTENNA v W MHz FM KLEMETRY (PLSS) OR N 50 MHz FM TELEMETRY (PLSS) OR N 
1 %i 

M MHz FM TELEMETRY (PLSS) OR N 

PAPERTAPf 

TTY READOUT 

TAPE 

E 

PM VIDEO: VOICE, AND TELEMETRY 

IDEO VOICE, AND 

AND 50/70 MHI 
UP-CONVERTERS 

PM VIDEO: VOICE, AND TELEMETRY 

50 MHz FM TELEMETRY (PLSS) OR TV 

PREDICTS TTY PONY I 

APOLLO 
PRIME 

CUMMUNI I A CATIONS I DSN TFOUIl.I.4, 

RDlNATlON 

METRIC DATA 

Fig. 17. MSFN/Apollo network interface configuration for  Mars  station 

Fig. 18. 

42 

General  view of cabinet damage to t ransmi t te r  No. 2 at Tidbinbilla 
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V. THE APOLLO 12 MISSION 

A. Mission Description 

The Apollo 12 mission was the second manned 

On November 
lunar landing and followed just  4 months a f te r  the 
successful completion of Apollo 11. 
14, 1969, a t  16:22 GMT, Apollo 12 was launched 
f r o m  Pad 39-A a t  Cape Kennedy with astronauts  
Charles Conrad, Jr. (spacecraf t  commander) ,  
Richard P. Gordon (CM pilot) ,  and Alan L. Bean 
(LM pilot)  on board. At the t ime of launch the 
weather was inclement with a ceiling of approxi- 
mately 335 m and intermit tent  showers.  
approximately 36 s af ter  launch, and again a t  
approximately 52 s a f te r  launch, an electr ical  
discharge caused numerous circui t  b reakers  
aboard the spacecraf t  to  tr ip.  
however, the guidance s y s t e m  aboard the third-  
stage S-IVB instrumentation unit was able to main-  
tain control of the  launch vehicle while the a s t r o -  
nauts r e s e t  the circui t  b reakers  aboard the space- 
c raf t  to r e s t o r e  normal  power sys t em operation. 
During the subsequent ear th-orbi ta l  revolutions, 
the crew realigned the guidance platform and other 
instrumentation that  had been affected by the  power 
outage. However, they were  unable to check out 
the instrumentation aboard the still encapsulated 
LM until a f te r  the  t ranslunar  injection (TLI),  which 
occurred  over the  Pacific Ocean some  2 h and 
50 min la ter .  

At 

Fortunately,  

After the S-IVB stage successfully injected the 
Apollo 12 spacecraf t  on a t ra jec tory  toward the 
moon, the CSM separated f r o m  the booster  and 
docked with the unattended LM, which was still 
attached to  the S-IVB. Extraction of the LM 
occurred at 04:13 GET. However, unlike the 
procedure followed on previous missions,  the 
evasive maneuver  to prevent contact between the 
CSM/LM and the  S-IVB was performed by an 
S-IVB auxiliary propulsion sys t em burn ra ther  
than a CSM serv ice  propulsion s y s t e m  burn. 
Approximately 2 h af ter  TLI, the S-IVB initiated a 
LOX dump which placed the S-IVB into a "sling- 
shot" t ra jectory s o  that  it would pass  behind the 
tracking edge of the  moon. 
should have increased  substantially due to  the  
lunar  gravitational field to  place the  vehicle into a 
heliocentric orbit .  However, because of naviga- 
tional unaccuracies,  the vehicle did not pass  
close enough to the moon to  gain the necessary  
velocity and s o  remained in  a highly eccentr ic  
ear th  orbit. 

The accelerat ion 

Upon separation f r o m  the S-IVB, the combined 
CSM/LM were  on a f ree- re turn  t ra jec tory  that 
would swing the spacecraf t  around the moon and 
re turn  to  the e a r t h  for  a no rma l  reentry without 
fur ther  maneuvers.  At 30:53 GET, the CSM/LM 
executed a minor  midcourse correct ion which, for  
the first t ime i n  Apollo history,  placed the space-  
craf ts  in a nonfree-return t ra jectory.  This 
maneuver was res t r ic ted  s o  that  in the event of a 
service propulsion sys t em fai lure ,  re turn  to  ear th  
would not be beyond the capability of the docked 
LM descent propulsion system. The new nonfree- 
re turn  t ra jec tory  would bring the CSM/LM closer  
to  the lunar surface to shortenthe LMdescent  burn 
and to conserve the fuel for  additional hovering t ime 
during the landing phase. Shortly a f te r  separation, 

the c rew entered the LM to check out its onboard 
systems to verify that the e lec t r ica l  phenomenon 
that occurred a t  launch had not disrupted any of 
the equipment. 

At 83 h and 2 5  min  a f te r  launch, Apollo 12 
burned i ts  se rv ice  propulsion sys t em engine to 
successfully i n s e r t  the joined spacecraf t  into lunar  
orbit. After two lunar orbi ts ,  the engine was burned 
again to c i rcu lar ize  the orbit ,  and ear ly  in orbit  
13 the LM, car ry ing  astronauts  Conrad and Bean, 
separated f r o m  the  CM. The actual  LM descent 
phase occurred  during lunar orbi t  14. 
t ra jectory of the LM was so  accura te  that the 
vehicle landed near  the rim of the c r a t e r  that  con- 
tains Surveyor 111, Apollo 12's targeted landing 
a r e a .  After 4.5 h of preparat ion,  as t ronauts  
Conrad and Bean emerged f r o m  the landed LM to 
deploy the scientific instruments  on the surface of 
the moon and to collect samples  of lunar soil. 
t r a v e r s e  paths a r e  shown in Fig. 19. After a n  
excursion of 3 h and 56 min, the astronauts  then 
returned to  the LM f o r  r e s t  and replenishment of 
their  l ife-support  system. 
period, the astronauts  reemerged f r o m  the LM to 
make the i r  longest t r a v e r s e  on the moon, including 
a visit to the Surveyor I11 spacecraf t  which had 
landed on the moon 31 months e a r l i e r  ( s e e  Fig. 20). 
Using hand-tools, the ast ronauts  detached the 
Surveyor I11 TV camera ,  pieces of the spacecraf t  
wiring harness ,  the scoop f r o m  the surface sampler ,  
and pieces of aluminum tubing f o r  re turn  to ear th  
and analysis by the scientific community. The 
astronauts  a l so  collected additional lunar samples ,  
including a deep-core sample,  on their  second 
excursion onto the lunar  sur face  that lasted a total  
of 3 h and 50 min. Once inside the LM, the a s t r o -  
nauts spent 6 h and 41 min in  preparat ion for  
takeoff f r o m  the lunar  surface,  which occurred  a t  
142 h into the mission.  

The descent 

The 

After a 12.5-h r e s t  

The ascent  stage of the LM was successfully 
launched f r o m  the lunar  surface;  some 3 h and 
32 min af ter  takeoff, it made a rendezvous with 
the orbiting CSM, which was now in orbit  32 of the 
moon. Astronauts Conrad and Bean t ransfer red  the 
lunar samples  and Surveyor p a r t s  f r o m  the LM 
into the CM and secured the ascent  s tage of the 
LM for  separat ion and its ult imate powered descent 
two orbi ts  l a t e r  into the lunar  surface,  which was 
intentionally done to  cal ibrate  the se i smomete r  
instrument  they had left  near  the landing site.  The 
three  crewmen remained in lunar  orbit  for  another 
27 h to take additional landmark sightings for  
future Apollo missions;  then, at the end of orbit  45 
of the moon, the CSM burned its serv ice  propulsion 
engine for  a successful  re turn  flight to  earth.  

The injection towards e a r t h  was s o  prec ise  
that only one smal l  midcourse correct ion was 
required.  
phere on November 25 and landed in the Pacific 
Ocean approximately 3.630 k m  f r o m  the c a r r i e r  
USS Hornet. 
west  of Hawaii. The astronauts  were  recovered 
f rom the spacecraf t  by helicopter and landed 
aboard the Hornet, 1 h and 10 m i n  af ter  splashdown, 
to complete mankind's second successful  mission 
to the surface of the moon. F o r  a complete 
sequence of events for  Apollo 12 r e f e r  to Table 21. 

Apollo 12 reentered the ear th ' s  a tmos -  

The landing s i te  was 2767 k m  south- 
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B. Requirements f o r  DSN Support of Apollo 12 

The Spacecraft  Monitoring Station was required 
to  support  previous Apollo missions up through 
Apollo 11, covering both premiss ion  testing and 
launch activit ies.  This requirement  was removed 
af te r  the successful Apollo 11 mis s ion  and did not 
officially participate i n  the Apollo 12 mission. 
Unofficial participation is  discussed in  Sect. V-C, 
below. 

A s  on previous Apollo lunar  missions,  Pioneer ,  
Tidbinbilla, and Robledo stations w e r e  committed 
to  support  Apollo 12 under d i rec t  MSFN/MSC 
control s tar t ing at launch minus 2 weeks through to 
the end of the mission. 

The MSFN again required the support  of DSN's 
64-m antenna a t  M a r s  station on every view period 
f r o m  translunar  injection through t ransear th  
injection, lunar  orbi t  coverage to be horizon-to- 
horizon, and t rans lunar  coverage to  start a t  hori-  
zon r i s e  and continue until the  end of the space-  
c raf t  TV t ransmiss ions  (Table 22). 
scheduled a l l  horizon-to-horizon passes  since the 
TV schedule is often changed in  r e a l  t ime.  The 
DSN was not able to commit formally to  the first 
pass  a f te r  t rans lunar  injection for  two reasons: 

The DSN 

The pass  began l e s s  than 15 min  a f te r  the 
t rans lunar  injection burn,  making it 
difficult to  obtain and process  the neces-  
s a r y  pointing angle predicts  in  t ime for  
horizon r i se .  

The angular tracking ra tes  when the space-  
craf t  is still near  the e a r t h  exceed those 
normally experienced a t  the  Mars  station. 

In the past  Mars  received DSN predicts  f r o m  
the  SFOF and the MSFN predicts  f r o m  Houston. 
The MSFN/Houston predicts  would a r r i v e  first a t  
the Pioneer  Apollo Wing in  X-Y coordinates,  con- 
ver ted to HA-DEC coordinates,  t ransmit ted to  the 
Goldstone Apollo P r i m e  station and then via two 
TTY "pony" circui ts  to  M a r s  where they were  
converted into a dr ive  tape. To simplify the MSFN 
predict  situation, the  DSNprepared a n  R&D program 
using an SDS-920 computer a t  M a r s  which would 
allow the station to  receive the X-Y predicts  
directly f r o m  MSFN/Houston, convert  to HA-DEC, 
and produce the necessary  antenna dr ive  tape. 

A s  with previous Apollo missions,  MSFN 
required t ime synchronization between the 
participating Apollo stations at the Goldstone com- 
plex. Time synchronization measu remen t s  using 
the Goldstone Standard Laboratory portable ces ium 
clock a r e  shown in  Tables 23 and 24. 

A s  p a r t  of a continuing study of lunar  potential 
anomalies (MASCONS), a requirement  was placed 
on the DSN which called for  the  use  of the 64-m 
antenna at Mars  to  provide precis ion doppler and 
signal s t rength recordings during the LM descent 
phase to the lunar surface.  

C. DSN Mission Support 

1. DSN Premiss ion  Activities. 

a. DSN/MSFN Wing Stations. The Pioneer ,  
Tidbinbilla, and Robledo stations w e r e  placed on 
mission s ta tus  a t  0O:Ol GMT on November 3, 1969, 

and f r o m  that  t i m e  until splashdown the stations 
were  under MSFN control. 
each wing station conducted extensive maintenance 
and a long p r e t r a c k  countdown to ensure  the integrity 
of the equipment common to the DSN and MSFN. 

P r i o r  to  November 3, 

b. Mars.  During previous Apollo missions,  
it had been considered necessary  to  conduct an 
Operational Readiness Tes t  (ORT) with all stations 
and the Space Flight Operations Facil i ty (SFOF). 
However, during the DSN Apollo 12 premission 
planning, it was felt  that  the  mos t  optimum t e s t  
that  could be conducted a t  Mars  was a Configuration 
Verification Tes t  which would include bit e r r o r  ra te ,  
data verification, operational data t e s t s ,  s tc .  The 
Configuration Verification Test  was a significant 
improvement over  the premiss ion  activit ies con- 
ducted on p r i o r  missions.  
elements depicted in  Fig. 21. 

2. Apollo 12 Mission Activities. 

The t e s t  included a l l  

a. DSN/MSFN Wing Stations. Pioneer ,  
Tidbinbilla, and Robledo successfully supported the 
ear th-orbi ta l ,  lunar- t ransfer ,  lunar-orbital ,  and 
ear th- re turn  phases  of the miss ion  (see Tables 2 5  
to  28), with only the following minor  anomalies 

Pioneer.  Transmi t te r  tr ipoffs continued 
to plague the Pioneer  station. 
occur red  when the station was t ransmit t ing,  
and caused an uplink loss  of t ransmission 
f o r  58 s. 
premiss ion  calibrations.  

Tidbinbilla. 
Tidbinbilla was a compresso r  motor  burn- 
out in  the air-conditioning unit in the 
antenna Declination Axis Room a t  01:35 
GMT on November 20. 
impact to the mission was felt; a second 
compresso r  was able to  handle the a i r -  
conditioning load since the  weather a t  
the t ime was cool. 

Robledo. One t ransmi t te r  fa i lure  was 
experienced a t  17:40 GMT on November 
15, while the station was t ransmit t ing to 
the spacecraf t .  The apparent  cause was a 
malfunctioning relay which caused a high- 
voltage rect i f ier  interlock' tr ip.  

Spacecraft  Monitoring Station. Although 
Spacecraft  Monitoring Station participation 
in the Apollo 12 mission was not required,  
the opportunity was utilized by the station 
a s  a training exerc ise  to  demonstrate  
Flight/Ground Interface unique capabili t ies.  
Computerized Compatibility Tes t  P r o g r a m s  
were  employed to m e a s u r e  the CSM (2287.5 
MHz) c a r r i e r  and the f i r s t -order  sidebands 
( te lemetry and voice). 
observed within the spectrum. 

To increase  station-effectiveness during 
Apollo missions,  station personnel 
utilized the FR-1400 recorders  to  record 
the 5 1.2 kilobit t e lemet ry  data. A block 
d i ag ram of the configuration employed is 
depicted in  Fig. 22. Fourteen ree ls  of 
tape were  used to  record  a l l  CSM data 
f r o m  S-band rf turn-on through post-  
launch loss-of-lock (Table 29).  Tape 

One fault 

Other faults occurred during the 

The only problem noted a t  

No operational 

No anomalies were  
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speed was 30 ips  using FSM modules in 
the FR-1400 recorders .  On December 2 ,  
1969, the first and l a s t  tapes were  played 
back through the PCM sys t em a t  the 
MILA/MSFN station and were  validated as 
being of excellent quality. 

( 5 )  Mars .  Seven passes  were  t racked by the  
Mars  station, a l l  of which were  complete 
ho rizon-to -ho rizon coverage except the 
las t  one, when Mars  was officially re leased 
f r o m  fur ther  Apollo 12 activit ies a t  06:25 
GMT on November 21. These passes  
included al l  mission phases  f r o m  just  
af ter  t ranslunar  injection through lunar-  
orbi t  insertion, descent,  landing, lunar-  
sur face  activit ies,  and postrendezvous 
lunar-orbi t  coverage. 
detailed tracking support  data. 

A s  mentioned e a r l i e r ,  the  first pass ,  
which began approximately 10 min af ter  
the t rans lunar  injection burn,  was not a 
formal  requirement.  The pass  was 
intended to be a "training pass ,  ' I  and no 
station predicts  were  available until 30 
min a f te r  spacecraf t  r i se .  This delay in 
station predicts was unusual in  that  t h e r e  
a r e  t h r e e  sources  available to  the Mars  
station. 

See Table 30 f o r  

( a )  Houston s ta te  vectors .  Houston is the 
p r i m e  source for  s ta te  vectors .  
a r e  received a t  the SFOF in  X-Y 
coordinates and converted to  HA-DEC 
for  t ransmission to  the Mars  station. 
F o r  Apollo 12, Houston t ransmit ted 3 
s e t s  of s ta te  vectors  to the SFOF. 
One se t  was received before launch 
but was not used because a m o r e  
accurate  vector was expected just  
p r i o r  to  launch. 
vector,  labeled Pos t  TLI,  was 
received af te r  the launch but turned 
out to be a parking orbit  vector for  
the t ime of TLI. The third s ta te  
vector a r r i v e d  t ime tagged 1857 Z .  
The computers in  the SFOF were  
ready f o r  SDA a t  1911 Z and the 
PREDIX run s ta r ted  in Mode 2 a t  
1919 Z. The run, however, was 
interrupted twice by the s t r ing going 
f r o m  mode 2 into mode 3 a t  the t imes  
l is ted below: 

These 

A second s ta te  

Mode 2 Mode 3 

1919 Z 192253 Z 

192316 Z 192341 Z 

192514 Z 

The run was completed a t  19:25:36 Z ,  
but produced no TTY output due to  
the  interruptions.  
made  f r o m  19:26 Z to 19:27 Z and was 
successful  in producing a TTY output. 
Pred ic t  t ransmiss ion  to M a r s  station 
s ta r ted  a t  approximately 19:40 Z and 
was completed a t  approximately 19:48 Z. 

A second run was 

(b)  GSFC state  vector.  GSFC is the 
backup source f o r  s ta te  vectors  in  the  
event something should happen to  
Houston. F o r  Apollo 12, however, 
the computer at GSFC which produces 
the GSFC state  vectors  was "down" 
and therefore  not available. 

( c )  Houston 29-point acquisition message .  
The Houston 29-point acquisition 
message  is a backup f o r  the i r  s ta te  
vector;  however, instead of being con- 
ver ted to HA-DEC coordinates a t  the 
SFOF, the m e s s a g e  is routed direct ly  
to the Mars  station where it is con- 
ver ted to a dr ive  tape. F o r  Apollo 12, 
the 29-point acquisit ion message  was 
received on t ime but could not be 
converted because of incorrect  format .  
The computer p rogram had been 
wri t ten and checked out with GSFC 29- 
point acquisition messages  which 
always have 4 digits in each of the X 
and Y angle fields even if leading 
zeros  a r e  needed. The HousLon 
message ,  however, a r r i v e d  with the 
leading zeros  omitted and the com- 
puter  rejected the points. The 
p rogram was a l te red  in r e a l  t ime via 
a telephone cal l  to  the p rogrammer ,  
and processing of the Houston 29- 
point acquisition message  began. 
Using manual angles supplied via 
telephone by the  MSFN Wing a t  
Pioneer ,  Mars  acquired Apollo 12 
a t  1925 Z .  The first use  of predicts  
was a t  approximately 1950 Z with an 
antenna dr ive tape prepared  f r o m  the 
Houston 29-point acquisition message.  
SFOF predicts  prepared  f r o m  the 
Houston s ta te  vector were  in use  by 
2040 Z .  

During this first training pass ,  t h e  
unique capabili t ies of Mars  proved to  
be invaluable. Apollo Mission Control 
in  Houston a l te red  the plan to  activate 
the LM a t  approximately 7. 5 h into the 
mission instead of the previously 
planned t ime of 64 h into the miss ion  
to  confirm that none of its sys tems 
had been affected by the electr ical  
discharge that occurred just  a f te r  
launch. However, the LM and the 
third-s tage S-IVB booster t ransmi t  
on the same  S-band frequency and, a t  
this point in the  mission,  these  
vehicles had not separated very 
widely. Thus, when the LM signal 
was activated, two interfering signals 
were  seen  simultaneously by the 26-m 
antenna stations,  with no usable data 
being obtainable. Mars ,  however, 
which has a beamwidth of 0. 14 deg 
(compared to 0.33 deg for  the 26-m 
antennas),  was able to point a t  the 
LM while having the S-IVB out of the 
main beam. In this  way, Mars  was 
the only ground station able to  obtain 
usable LM te lemet ry  data during this  
ear ly  LM checkout. 
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The unique capabilities of the Mars  
station were  again used to advantage 
when CSM signal level. drops of 10 to 
12 dB were  experienced. These drops 
occurred  on seve ra l  occasions, with 
the drops being ei ther  s tep changes or 
gradual over a period of up to 2 min. 
During these anomalies,  t he re  was 
never any degradation of data f rom 
Mars.  
be the spacecraf t ' s  antenna striplines 
associated with the high-gain antenna, 
especially when used in  the nar row 
beam (highest gain) mode. 

No operational problems occurred  a t  
Mars  for  the remainder  of the 
mission. The relatively high signal 
levels received f r o m  typical Apollo 
miss ions  a r e  unusual for  this station 
(which usually t r acks  unmanned 
planetary spacecraf t  beyond the range 
of 26-m antennas).  The LM signal 
was very strong when the s teerable  
antenna was aligned toward ear th ,  
being a t  a level of -83 dBmW for  
seve ra l  hours. 

The problem is suspected to 

(6) Cebreros .  Although not officially required 
for  Apollo support, the Cebreros  station, 
near  Madrid, Spain, t racked the LM 
ascent stage f rom i t s  deorbit  burn until 
i t s  c r a s h  onto the moon's surface.  This 
effort by the Cebreros  station was a pa r t  

of a continuing J P L  study regarding 
MASCONS, lunar  ephemeris,  lunar 
radius,  etc. Although the tr-ack lasted 
only f rom 21:33 GMT until LM c r a s h  a t  
22:17:17 GMT on November 20, s eve ra l  
hours were  spent in preparation, and the 
radio me t r i c  data were  of excellent quality. 

(7) SFOF Participation. The SFOF a r e a s  
and equipment involved in  the Apollo 12 
operations included the Operations Area,  
the Flight Path Analysis Area,  the dis- 
plays,  and the Mode I1 7044-7094 com- 
puters.  These a r e a s  and functions were  
staffed during a l l  Goldstone view periods,  
and a t  other t imes a s  required to support 
special  activit ies such a s  the generation 
of additional predict  information for  
Mars.  Aside f r o m  the difficulty in  pro-  
ducing predicts  for the f i r s t  pass  a t  Mars ,  
t he re  were  no problems in  the SFOF. 

(8) GCF Participation. The DSN Ground 
Communications Facil i ty (GCF) provided 
voice and teletype circui ts  a s  required 
to support  the operations mentioned aaove. 
In addition, J P L  acts a s  West Coast 
Switching Center for  the NASA Communi- 
cations Network and handles many non- 
DSN circui ts  in  support of Apollo. There  
were  no communications problems that 
constrained the DSN support of Apollo 12, 
and the communications support was 
flawless. 
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Table 21. Sequence of events,  Apollo 12 

Event 

Range zero  - 16:22:00 GMT, Nov. 14, 1969 

Lift-off 

S-IC outboard engine cutoff 

S- IC /S- 11 separat ion 

S-I1 engine ignition (command) 

Launch escape tower jett ison 

S-I1 engine cutoff 

S-IVB engine ignition (command) 

S-IVB engine cutoff 

T ranslunar  injection maneuver 

S-IVB/command and serv ice  module separation 

T ranslunar  docking 

Spacecraft  ejection 

S-IVB separat ion maneuver 

F i r s t  midcourse correct ion 

Lunar orbi t  inser t ion 

Lunar orbi t  c i rcular izat ion 

Undocking 

F i r s t  separat ion maneuver  

Descent orbi t  inser t ion 

Powered descent initiation 

Lunar  landing 

Fir s t ext rave hi cula r e g r e  s s 

First extravehicular ingress  

First lunar  orbit  plane change 

Second extravehicular egress  

Second extravehicular ingress  

Lunar lift-off 

Coelliptic sequence initiation 

Constant differential  height maneuver 

Terminal  phase initiation 

Lunar orbi t  docking 

Ascent stage jett ison 

Second separat ion maneuver 

GET 

oo:oo:oo. 7 

00:02:41. 7 

00:02:42.4 

00:02:44. 2 

00:03:21.6 

00:09:12.4 

00:09:15.6 

00:11:33. 9 

02:47:23 

03:18:05 

03:26:53 

04: 1 3: 01 

04:26:41 

30:52:44 

83:2 5 :2 3 

87:48:48 

107:54:02 

108:24:37 

109:23:40 

110:20:38 

110:32:36 

115: 10:35 

119:06:38 

119:47:13 

131 : 32:45 

135:22:00 

142 : 03:48 

143:O 1 : 5 1 

144: 0 0: 0 3 

144: 36 : 2 6 

145:36:20 

147:59:32 

148:04:31 
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Table 2 1  (contd) 

Fri 

Sat 

Mon 

Tues 

Tues 

Wed 

Wed 

Thu 

Thu 

Fri 

Sun 

Event 

Ascent s tage deorbit  maneuver 

Ascent stage impact 

Second lunar  orbi t  plane change 

Transear th  injection maneuver 

Second midcourse correct ion 

Third midcourse correct ion 

Command module / s erv ice  module separation 

Entry interface 

Landing 

14 Nov 

15 Nov 

1 7  Nov 

18 Nov 

18 Nov 

19 Nov 

19 Nov 

20 Nov 

20 Nov 

2 1  Nov 

23 Nov 

GMT 

19:47 

22:47 

07:52 

01:52 

04:22 

04:12 

11:02 

05:42 

17:37 

21:17 

23:37 

GET 

0325 

30:25 . 

63:30 

81:30 

84:OO 

107:50 

114:40 

133:20 

145:15 

172:55 

223:15 

Duration 

1 h r  05 m i n  

35 min  

50 min  

20 min 

30 min 

40 min  

3 h r  30 min  

4 h r  55 min  

30 min  

20 min  

30 min  

GET 

149:28: 1 5  

149:55:16 

159:04:46 

172:27: 17 

188:27:16 

241:22:00 

244:07:20 

244:22:19 

244:36:25 

Table 22. Planned TV schedule for  Apollo 1 2  

Activity /Subj ect  

Transposit ion and 
docking 

In te r ior  of spacecraf t  
at MCC-2 

Ear th ,  spacecraf t  
in te r ior ,  and i n t e r -  
vehicular t ransfer  

P r e  LOI-2 

Lunar  sur face  

Undocking and formation 
flying 

Lunar  sur face  activit ies 

Lunar  sur face  activit ies 

Doc king 

P o s t  - TEI -Lunar  surface 

Moon, Ear th  and space-  
craf t  in te r ior  

Vehicle 

CSM 

CSM 

CSM 

CSM 

CSM 

CSM 

LM 

LM 

CSM 

CSM 

CSM 

Station 

GDS 

GDS 

GDS/ 
HSK 

GDS 

GDS 

GDS 

P a r k s  

GDS 

MAD 

MAD 

GDS 
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Date 
(1969) 

13 Nov 

14 Nov 

1 6  Nov 

17 Nov 

19 Nov 

20 Nov 

24 Nov 

26 Nov 

Apollo Prime Station Apollo Wing Station 

Clock A 

t o .  7 (1818) 

t o .  9 (1630 

Clock B 

to. 2 (1647) 

t o .  3 (1534) 

t o .  5 (1829) 

t o .  5 (1648) 

-1.4 (2258)* 

t o .  2 (1735)** 

-3. 1 (1659) 

-3 .2  (1720) 

Clock B Clock A 

t o .  7 (1819) t 9 . 3  (1645) 

t o .  9 (1632) t 0 . 4  (1532) 

NOTE: Values in  parentheses  give t ime  of day of the measurement  in  
GMT . 

Clocks Reset  to  NBS 8 

t 0 . 6  (1754) 0 (1755) 

$0.3 (2239) t o .  2 (2240) 

t 0 . 4  (1823) t o .  3 (1824) 

t o .  5 (1720 to. 4 (1722) 

t o .  6 (1737) t o .  5 (1738) 

TTY Reports:  

*DSIF portable clock maintained on standby status a t  Apollo Wing station 
f r o m  23002 19  Nov 1969 to  06102 20 Nov 1969 during tracking data noise 
tests p e r  IS1 No. 47. 

**Time synchronization of Apollo Wing clocks had been lost  during night 
and reset to the DSIF t ick using delay figure of 116. 5 microseconds.  
Reset  p r i o r  t o  a r r i v a l  of portable clock. 
20 Nov f r o m  Reference Standards Lab t o  Apollo Wing via Mars  and 
Apollo p r ime  as 116.3 microseconds.  

DSIF delay measu red  at 18002 

t o .  6 (1828) 

t o .  6 (1647) 

t o .  7 (2256) 

$0.2 (1733) 

-3 .8  (1658) 

-3.9 (1719) 

Date (1969) 

13 November 

16 November 
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90.9 116.3 
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Table 25. Pioneer tracking report ,  Apollo 12 

Date 1969 

15 November 

16 November 

Date 1969 

Pass o r  Tracking Tracking 
Orbit Time Mode Anomalies Affecting Support 

T rans  lunar Unreported Three-way None 
Coast 1 

Translunar  Unreported Two-way None 
Coast 2 and th ree -  

way 

5 November 

5 November 

7 November 

3 November 

3 November 

3 November 

1 November 

? November 

3 November 

4 November 

P a s s  o r  
Orbit 

Ea r th  orbi ts  
1 and 2 
t ransluna r 
Pass 1 

Translunar  
Pass 2 

T rans  lunar 
P a s s  3 

Trans  lunar 
P a s s  4 and 
lunar orbits 
1,  2 ,  and 3 

Lunar orbi ts  
10 through 
14 and LM 
landing 

Lunar stay 
P a s s  2 

Lunar orbi ts  
3 5 through 
40 

Trans  ea r th  
Coast P a s s  1 

Transear th  
Coast 2 

Trans  ea r th  
Coast 3 

Tracking 
Time 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

22 12  353 2 to 
2310222 2 

23102222 to 
2310822 2 

23108222 to 
23111532 

241 0 0 1 5 Z to 
2410750 2 

24107502 to  
2411 152 2 

24111522 to 
24112332 

Tracking 
Mode 

Three  -way 

Two-way 

Three-way 

Two-way 

Three -way 

Two-way 

Two-way 

Three  -way 

Three  -way 

Three-way 

Two-way 

Three -way 

Three  -way 

Two-way 

Three-way 

Anomalies Affecting Support 

TXR switched to nonstandard con- 
figuration as requested by wing 
M & 0 supervisor.  

TXR 1 and 2 tr ipped off simultane- 
ously while in standby condition; 
no effect on mission support. 

During countdown, TXR 1 tripped 
off while radiating 2 kw f rom both 
TXR's at collimation tower;  no 
effect on mission support. 

TXR 1 tripped off during count- 
down; no effect on mission support  

None 

None 

None 

None 

TXR 2 tripped off; uplink lost  for  
58 seconds. 

None 

Table 26. Tidbinbilla tracking r epor t ,  Apollo 12 
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Table 26 (contd) 

Date 1969 

17 November 

18 November 

19 November 

20 November 

21 November 

22 November 

23 November 

24 November 

Date 1969 

15 November 

16 November 

17 November 

18 November 

P a s s  or 
Orbit 

T rans  lunar  
Coast 3 

Lunar orbi ts  
1 through 6 

Lunar orbi ts  
13 and 14 

Lunar sur- 
face opera-  
tions 

Lunar s u r -  
face opera-  
t ions 

Ascent 
operations 

Lunar  orbit  
31 

Lunar orbi ts  
39 through 
43 

Trans  ea r th  
Coast 1 

Trans  ea r th  
Coast 2 

Transea r th  
Coast 3 

Pass or 
Orbit 

Tracking 
T ime  

Unreported 

Unreported 

Unreported 

Unreported 

Unreported 

Unreported 

Unreported 

Unreported 

Unreported 

Unr ep o rt ed 

Unreported 

Tracking 
Mode 

Two-way 
and t h r e e  - 
way 

Two-way 
and th ree -  
way 

Three-way 

Two-way 
and th ree -  
way 

Two-way 
and th ree -  
way 

Two-way 

Three-way 

Three-way 

Three-way 

Three  -way 

Three-way 

Anomalies Affecting Support 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Table 27. Robledo tracking r epor t ,  Apollo 1 2  

Translunar  
Coast 1 

T rans lunar  
Coast 2 

T ransluna r 
Coast 3 

Pass 4 

Tracking 
Time 

Unreported 

16 11 333 Z to 
16113522 

16 / 1352 Z to  
16/0022Z 

1610022Z to 
16100382 

171 1402 z to 
18/0043Z 

18 11 41 4 2  to 
18114522 

Tracking 
Mode 

Three-way 

Three-way 

Two -way 

Three-way 

Three-way 

Three-way 

Anomalies Affecting Support 

None 

During two-way t r ack ,  TXR 1 
tripped off. Interlock was r e se t  
and two-way operations resumed. 

None 
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Table 27 (contd) 

Date 1969 

18 November 
(contd) 

19 November 

20 November 

21 November 

22 November 

23 November 

24  November 

Pass o r  
Orbit 

Pass 5 

Pass 6 

Lunar orbi ts  
31 through 
35 

Lunar orbi ts  
43  through 
45 

Transea r th  
Coast 1 

Transea r th  
Coast 2 

Tracking 
Time 

18/1452Z to 
19/2322Z 

18123222 to 
18/0040 Z 

Unr epo r t ed 

Un r epo rt e d 

Unreported 

Unreported 

Unreported 

Unreported 

Pioneer 

Tracking 
Mode 

Two-way 

Three-way 

Three -way 

Two-way 
and th ree -  
way 

Two-way 
and th ree -  
way 

Three-way 

Unreported 

T h r  ee  -way 

Anomalies Affecting Support 

None 

None 

None 

None 

None 

None 

None 

Table 28. Wing site spacecraf t  view periods 

14/1751 - 1411756 

14/1917 - 15/0822 

15/2057 - 16/0842 

16/2116 - 17/0847 

17/2126 - 18/0854 

1812215 - 19/0918 

19/2212 - 20/1056 

20/2239 - 21/1210 

21/2307 - 22/1232 

22/2316 - 23/1240 

2312342 - 24/1308 

Tidbinbilla 

1411722 - 1411728 

15/0259 - 1511444 

16/0312 - 16/1517 

1710314 - 17/1531 

1810309 - 18/1533 

19/0410 - 19/1612 

2010557 - 20/1639 

2110622 - 2111629 

22/0700 - 2211707 

23/0708 - 23/1732 

24/0739 - 2412046 

Robledo 

14/1939 - 15/0022 

15/1315 - 16/0107 

1611343 - 17/0113 

17/1355 - 18/0111 

18/1422 - 19/0125 

19/1432 - 2010302 

20/1538 - 21/0427 

21/1518 - 22/0511 

2211531-  2310515 

23/1551 - 24/0529 

2411824 - 2411859 
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Table 29. Launch operations recorded by spacecraf t  monitoring station 

GMT 

14 November 1969 

Event 

GET 0158 2 

GET 0201 Z 

GET 1200 Z 

GET 1622 2 
GET 162241 Z 

GET 162253 Z 

GET 162428 Z 

Event 

CSM S-band R F  on. 
23.307315 MHz at station Receiver VCO. 

Frequency changed to 23.307292 MHz at 
level of -68 DBM. This frequency is the 
2-way coherent link frequency. 

All spec t rum plots of carrier and sidebands 
completed 

Lift -off 

Receiver  out-of-lock (Lightning s t ruck  
spacecraft)  

Receiver  in-lock 

Receiver  out-of-lock. Contact was never  
recovered due to  intense weather conditions 
and l ack  of adequate antenna pointing 
information. 

Frequency was 

1925 

1940 

1948 

1950 

2016 

2348 

2356 

2400 

O O i O  

0@26 

0151 

0200 

0700 

075343 

Pass 1: 

S / C  in  view. 
manually with pointing information received f rom Pioneer.  

Received 29-point acquisit ion message .  
format  fo r  conversion. 
station. 

First J P L  predict  s e t  received complete. 

Signal level  -81. 5 dbm on CSM/PM. 

S / C  video signal off. 

A comparison between t h e  29-point acquisit ion message  and J P L  
predicts  indicates a difference of 0 .  3 deg rees .  
t o  b e  i n  the 29-point m e s s a g e  making these  predicts  unusable. 

Antenna dr iven in  s ide rea l  mode due t o  J P L  predicts  running out. 
No new predict  yet received. Twenty nine point m e s s a g e  a l s o  
unusable. 

Signal level  -97.0 dbm f r o m  the  LM/PM. 

Receiving LM downlink due only t o  na r row antenna beamwidth. 
26-m antenna cannot discr iminate  between the CSM and LM 
when separated; both use  some  downlink frequency. 
J P L  predicts  received and antenna d r ive  t ape  available. 

Twenty-nine point m e s s a g e s  being received f r o m  GGDS ove r  ' 

c o m m  pony circui t .  
ment  with J P L  predicts .  

S I C  signal -104 d b m  f r o m  the CSM/PM. Angle offsets are  -0.020 
degrees  in  both HA and DEC. 

Angle offsets s t i l l  -0.020 degrees  i n  HA and DEC. 

Antenna at p re l imi t s  and EOT. Signal level'-109 dbm f r o m  the 
CSM/PM. 

14/15 November 1969, Day 318/319 

No predicts  on station at this time. Acquired 

Message not in  c o r r e c t  
Computer p rogram being modified on 

Ereor appea r s  

Last CSM 29-point m e s s a g e  shows a g r e e -  
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21 2740 

2237 

2239 

2400 

0030 

0100 

0400 

0600 

J 0 i) 74 5 

0621 50 

0700 

081421 

214550 

2206 

221355 

2220 

2225 

2227 

2400 

0142 

0200 

0500 

053320 

053430 

0700 

071417 

0810 

081 835 

S /C  acquired a t  signal level  of -109 dbm on CSM/PM. 
offsets;  HA -0.01 5 deg rees  and -0.025 d e g r e e s  i n  DEC. S/C 
signal level  on CSM/PM -109 dbm and varying. 

P repa red  f o r  receipt  of video data.  

Video da ta  s tar ted.  

Signal s t rength -109 dbm on CSM. 
degrees,HA -0.025 degrees .  

CSM signal s t rength -113 dbm. 

Angle offsets;  DEC -0.010 degrees ,  HA zero.  CSM signal 
s t rength -114 dbm. 

Angle offsets;  DEC to. 030 degrees ,  HA to. 030 degrees .  
signal s t rength -107 dbm. 

Angles offset; DEC to. 08 degrees ,  HA to. 070 degrees .  

i ? C  VR 9 LOS for  5 seconds.  

RCVR 9 LOS for  2 minutes.  

illigle offset; DEC to. 080 degrees ,  HA to. 070 degrees .  
s t rength -113 dbm on CSM. 

Antenna at prel imits  and EOT. 

Angle 

Angle offsets;  DEC -0.015 

CSM 

RCVR 1 0  d i d  not loose lock. 

Signal 

Signal level -113 dbm on CSM. 

P a s s  3: 16/17 November 1969, Day 320/321 

AOS a t  -110 dbm using 29-point acquisition message  d r ive  tape. 
The  29-point message  does not appear to have atmosphere 
r e f r ac t ion  correct ion,  Station using manually applied bias  which 
is  continuously being updated. 

LOS on a l l  RCVR's.  

AOS at  -1 16 dbm signal level.  

Started using J P L  predicts  as 29-point m e s s a g e  d r ive  required 
such continuous updating that operator  e r r o r  might r e su l t .  

Angle offsets zero.  

Signal s t rength -90 dbm. 

Angle offsets zero.  

Reconfigured RCVR 10 to r ece ive  CSM/FM. 

Angle offset; DEC to. 010 degrees ,  HA -0.010 degrees .  

Angle offset; DEC to. 020 degrees ,  HA -0 .  000 degrees .  

RCVR 9 O / O / L .  

RCVR 9 i n  lock. 

Signal level  -89 dbm on S / C  high gain antenna. 
DEC to. 020 degrees ,  HA -0.000 degrees .  
s equenc e. 

AOS for  TV sequence. 

TV t r ansmiss ion  complete.  
during TV period. 

Antenna at p re l imi t s  and EOT. 

S /C  switching to  high gain antenna. 

Signal s t rength -110 dbm. 

S / C  aligning positiol). 

Signal s t rength -110 dbm. 

Angle offset; 
Station r eady  for  TV 

Signal s t rength remained constant 

Signal level  -112 dbm. 
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/ 

I 
I 

I 
GMT 

215526 

2300 

01 34 

0300 

033347 

04061 2 

0421 00  

045528 

053047 

061437 

071300 

073914 

221200 

2300 

232344 

002710 

0050 

012205 

020822 

021048 

025216 

031400 

032033 

040650 

-- - 

Event 

Pass 4: 17/18 November 1969, Day 321/322 

AOS a t  - 1 1 2  dbm. 

Signal s t rength -112 dbm. 

S / C  on high gain antenna signal level a t  -89 dbm. 
t r ansmiss ion  canceled due to  dir ty  S / C  window. 

Signal level -89 dbm on CSM. 

LOS. 
LOS. 

AOS at -91 dbm on CSM. 

TV F M  signal s tar ted.  

TV sequence ended. 

LOS. 
LOS . 
AOS on exit occultation. 

S / C  to low gain antenna. 

LOS. S / C  moon occultation. End of pas s .  Signal level at -108 
dbm at occultation. 

No antenna angle offsets required.  

TV scheduled 

S I C  moon occultation. Signal level  a t  -114 dbm p r i o r  to 

P M  signal level  -89 dbm. 

P M  signal level  -89 dbm. 

S / C  moon occultation. Signal level  a t  -89 dbm p r i o r  to 

P M  CSM signal -88 dbm. 

Signal at -118 d b m  f r o m  CSM/PM. 

Pass 5: 18/19 November 1969, Day 322/323 

AOS a t  -91 dbm on CSM/PM and FM. 

Signal level  -90 d b m  on CSM. 
HA to. 005 degrees .  

LOS during S /C  occultation. 

AOS on LM at -119 dbm. 

S / C  on high gain at signal level  of -94 dbm. 

LOS f r o m  SIC occultation. 
dbm on LMIPM. 

AOS of L M / P M  at -94 dbm. 

AOS of LMIFM. 

S I C  antenna mode change on LM. Signal level  -110 dbm. 

Antenna change. 

LOS due t o  occultation. 

AOS of L M / P M  at -94 dbm. 

Angle offsets: DEC t0 .005  degrees  

Signal level  -91 p r io r  to LOS. 

Signal level p r i o r  to LOS was -120 

Signal now -94 dbm. 

Signal level  a t  LOS -94 dbrn. 
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Table 30 (contd) 

/ 

CMT Event 

050000 

051900 

060620 

061 800 

062300 

064239 

065437 

065645 

070000 

071 7 

080205 

094035 

224229 

2300 

230410 

232620 

0000 

01 00 

01 0234 

010257 

Pass 5: 18/19 November 1969, Day 322/323 (cont 'd) 

TV sequence started. 

TV FM downlink signal level fluctuating. 
CSM believed to b e  reason.  

TV F M  off. 
P i c tu re  snowy but discernible .  

L M / P M  signal -93 dbm. 

LOS due t o  occultation. 

AOS on LM at -94 dbm. 

L M / P M  signal -95 dbm. 

TDH to  1-  and 10-second sample  rate. TDH fo rma t  7. 
PDI 

LM touchdown on moon. 
throughout descent  . 
TDH off. 

LM signal -93 dbm and constant. 

LM signal -94 dbm. 

LM signal -95 dbm. 

Antenna at prel imits .  
of pass .  

L M / P M  signal level -93 dbm. 

Steerable  antenna on 
Fluctuatipns lasted 7 minutes.  

Lost  pa r t  of TV sequence on CSM omni-antenna. 

LOS signal -1 13 dbm. 

TDH to  10-second data.  

Signal level a t  -93 dbm and remained 

1-second data  taken during en t i r e  descent.  

Signal level -95 dbm p r i o r  to LOS. End 

P a s s  6: 19/20 November 1969, Day 323/324 

AOS of CSM at -123 dbm. 
available fo r  LM. 
Houston and is  being reformatted.  

Using manual t r a c k  as only predicts  
Twenty-nine point m e s s a g e  requested f r o m  

CSM signal s t rength -119 dbm. 
CSM. 

J P L  predicts  a r e  being run  for  

LOS on CSM. Station will t r a c k  LM. : 

AOS of LM at -95 dbm. 

CSM/PM on omni-antenna with signal at -114 dbm. 

CSM/PM now -118 dbm. 

LOS of CSM due t o  occultation. 

AOS of L M / P M  at -96 dbm. 
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Table 30 (contd) 

GMT Event 

014600 

014852 

020000 

0301 01 

0301 22 

0321 38 

032705 

040000 

103500 

104400 

002350 

002520 

004000 

004337 

013000 

013250 

013736 

020000 

023700 

032823 

0?3342 

0400 

0440 3 0 

052656 

052903 

05341 1 

054500 

055200 

P a s s  6: 19/20 November 1969, Day 323/324 (cont 'd) 

Switching f r o m  LM/PM t o  CSM/PM. 

AOS of CSM/PM at -115 dbm. 

CSM/PM signal at -116 dbm. 

LOS of CSM due t o  occultation. 

AOS of LM/PM at  -83 dbm. 

TV F M  on to check camera .  

TV F M  off. 

LM/PM signal at -83 dbm. 

Antenna to  b r a k e  at pre l imi ts .  

LOS of LM/PM.  

Omni-antenna u s e d . ,  

Signal at - 11 5 dbm at LOS. 

C a m e r a  s t i l l  bad. 

Using portable  S-Band antenna. 

Signal at -127 dbm a t  LOS. End of pass .  

Pass 7: 20/21 November 1969, Day 324/325 

AOS on CSM/PM at -114 dbm. 

AOS on CSM/FM. 

LOS of F M  and AOS of PM at - 11 5 dbm. 

LOS due t o  occultation. 

AOS of CSM/PM a t  -117 dbm. 

AOS of CSM/FM. 

Data dump complete  and F M  off. 

CSMIPM at -113 dbm. 

LOS of CSM/PM due t o  occultation. 

AOS of CSM/PM at exit occultation. 

AOS of CSM/FM. 

CSM/PM acquired at signal level  of -113 dbm. 

LOS due  t o  occultation. 

AOS at exit occultation on CSM/PM at -116 dbm. 

AOS of FM carrier. 

F M  carrier off. 

S/C on high gain antenna. 

LOS at -109 dbm. 

Signal at -118 dbm at LOS. 

Signal at -116 dbm. 

Receiving P M  carrier at -113 dbm. 

Signal at -97 dbm. 

End of pass .  
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MALL M O U N D  

FIRST EXTRAVEHICULAR ACTIVITY 

TRIPLE CRATER 

I 
i') oy 

\,HEAD CRATER/' 1 
\.,. 

\ SURVEYOR 111 i 0 '.. .- ./ ! 
/' 

WITH CORE TU 

TUBE SAMPLE N 
 SAMPLE SITES r I I I I I I  I 

100 50 0 50 1OOm 

Fig. 19. T rave r se  map  

F i g .  20. Apollo as t ronauts '  lunar  excursion to Surveyor 111 site 
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I MSFN MICROWAVE I 

MSFN GOLDSTONE PRIME 

MSFN NET No. I 
OR MISSION COMMENTARY, 
MONITOR ONLY 

MSFN NET No. 2, MONITOR ONLY 

MSFN NET No. 3, MONITOR ONLY 

MAINTENANCE AND 
OPERATIONS CONFERENCE 
LOOP, VOICE 

VOICE, SYSTEMS DATA 
ANALYSIS-GSFC-MSC 
COMPUTER, STATE VECTOR 
COORDINATION 

MAINTENANCE ORDER WIRE, 
VOICE 

SPACECRAFT EMERGENCY VOICE 

MICROWAVE DATA CHANNELS 

TTY CIRCUIT, SIMPLEX 

VOICE STATION COORDINATION 

TTY CIRCUITS, FULL DUPLEX 

VOICE, NETWORK OPERATIONS 
MANAGER (GSFC) - DSN 
PROJECT ENGINEER (SFOR 
OR DSN OPERATIONS 
CONTROL CHIEF 

SWITCHING, CONFERENCING, 
AND MONITORING 
ARRANGEMENT 

Fig. 21. Goldstone communications requirements  for  Apollo 12 

1.2-rn ANTENNA 

n 
U 

n 

Fig. 22. Block d iagram of 51. 2 kilobit t e lemet ry  data recording configuration 
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VI. THE APOLLO 13 MISSION 

A. Mission Description 

The Apollo 13 Mission, with ast ronauts  
James A, Lovell, Jr. (spacecraf t  commander) ,  
Thomas K. Mattingly, I11 (CM pilot) ,  and F r e d  W. 
Haise, Jr. (LM pilot) ,  was planned as the fifth 
mission to the moon and the th i rd  lunar  landing. 
Approximately 56-h a f te r  launch, the mission had 
to  be aborted because of a n  explosion in  bay 4 of 
the  serv ice  module which resul ted in  an abrupt loss  
of cryogenic oxygen and electr ical  power. Although 
the mission goal of landing in  the Fra Mauro uplands 
was unsuccessful a s  planned, a lunar  flyby and 
severa l  scientific experiments w e r e  completed 
before the c rew successfully splashed down in  the 
south Pacific Ocean. 

Apollo 13 was launched on April  11, 1970, a t  
19:13 GMT (0:OO GET) f r o m  Pad 39A at Cape 
Kennedy. 
a l te red  the ear th  parking orbi t  such that  subsequent 
staging and t rans lunar  injection (TLI)  t imes  
occurred  la te r  than originally planned but well 
within the nominal flight plan. 

An e a r l y  shutdown of the  S-I1 stage 

At 02:35:46 GET, midway through the second 
ear th  parking orbi t  revolution, the S-IVB was 
res ta r ted  and a 5-min, 57-s TLI burn placed Apollo 
13 on a t ranslunar  t ra jectory.  Following TLI, the 
CSM separated f r o m  the S-IVB, pitched 180 deg and 
docked with the  LM. 
S-IVB occurred  a t  04:18:01 GET. 

CSM/LM ejection f r o m  the 

F o r  the f i r s t  t ime in Apollo history,  the 
discarded S-IVB was directed toward an impact  on 
the moon to  generate  se i smic  waves for  the s e i s -  
momete r  package left  on the moon during the 
Apollo 12 mission. Lunar impact occur red  some  
78 h a f te r  launch at 01:09:39 GMT on April  15 a t  
lunar  coordinates 2.4"S, 27.9"W, 119 k m  f r o m  the 
Apollo 12 seismometer .  
99,974 c m / s ,  creating an impulse equivalent t o  
10 tons of TNT. 
of the Apollo 12 LM, which was 68 k m  f r o m  the 
se i smomete r  with a n  equivalent energy of one ton 
of TNT. The se i smic  waves recorded were  of 
similar charac te r ,  but the S-IVB impact  waves 
were  20 to  30 t imes  l a r g e r  and las ted  four t imes  
longer (approximately 4 h). 

The impact  velocity was 

These data compare with the c r a s h  

The accuracy of the t rans lunar  injection man- 
euver  eliminated the  need f o r  midcourse 
correct ion 1, which had been planned for  11:41 
GET (Ground Elapsed Time,  or t ime af te r  launch). 
The spacecraf t  at this point was on a "free-return" 
t ra jectory;  i. e . ,  should a l l  propulsion be lost ,  the 
spacecraf t  would swing around the moon and re turn  
to a normal  reent ry  into the e a r t h ' s  atmosphere.  
At 30:41 GET, midcourse correct ion 2 a l te red  the 
spacecraf t  ' s f r e e  - re turn  t ra jec tory  to  a "hybrid" 
t ra jectory that would enable a saving of fuel for  the 
lunar  landing sequence. However, with a hybrid 
t ra jectory,  loss  of a l l  propulsion would doom the 
spacecraf t  to  miss the e a r t h  and en ter  a perpetual 
so la r  orbit. 

The mission continued nominally until 55:OO 
GET, when the c rew entered the LM to check the 
p r e s s u r e  of the supercr i t ica l  helium following 
premission indications of an anomalous heat-leak 
rate .  After being satisfied that  no problem existed, 

the crew was reentering the CM when a loud Itbang'' 
was heard. 
anxiety because one of the LM sys tems often 
makes this  s a m e  noise. However, warning signals 
soon indicated problems in the SM power subsystem, 
the f i r s t  indication being a t  55:54:53 GET (03:07:53 
GMT on Apri l  14). 
explosion forced the c rew to shut down first one 
fuel cell ,  and then a l l  t h r e e  fuel cells ,  which left  
the CM with no e lec t r ica l  power and no oxygen. 
The c rew then returned to the LM, powered up its 
sys tems,  and prepared  to use it as an emergency 
lifeboat for  the remainder  of the  mission. F r o m  
i ts  complete shutdown at 58:40 GET until the  
reentry phase,  the CM was used for  nothing but 
cold (276. 5 "K) sleeping quar te rs .  

The sound did not cause immediate 

An apparent  oxygen tank 

The unthinkable had happened -- the en t i re  
capability of t h e  SM, with a l l  its many redundant 
systems,  had been lost .  A l l  mission objectives 
except re turn  to  e a r t h  were abandoned. A quick 
analysis showed that the LM consumables (water,  
power, and oxygen) were  barely adequate f o r  the 
re turn  t r ip .  The c r i t i ca l  problem was the hybrid 
t ra jectory and the lack of the normal  se rv ice  
propulsion s y s t e m  of the SM. Accordingly, a 
burn of the LM descent engine a t  61:29:43 GET 
successfully returned the spacecraf t  to a f ree-  
re turn  t ra jectory.  

The remainder  of the mission consisted mainly 
of minimizing activity to reduce electr ical  power 
usage. Several  additional orbi t  changes were  con- 
ducted. About 2 h af ter  passing behind the moon, 
a midcourse correct ion speeded up the spacecrai t  
to decrease  its t rans i t  t ime to  ear th  by 10 h and 
enable the use  of the original recovery a rea .  
Unfortunately, a smal l  out-of-plane component 
created a t ra jec tory  that would have caused the 
spacecraf t  t o  en ter  the atmosphere improperly.  
This e r r o r  was t r immed  out by a small  motor  
burn of 457 c m / s  a t  105:18:28 GET. The final 
orbi t  correct ion was conducted a t  137:39:52 GET, 
only 5 h before entering the e a r t h ' s  a tmosphere,  
and changed the entry flight-path angle. Shortly 
af ter  this maneuver ,  the  SM was jettisoned and 
photographs taken of the damage. 
reentered the CM, powered up its sys tems (using 
the reentry ba t te r ies ) ,  and jettisoned the LM just  
one hour before landing. Entry,  splashdown, and 
recovery w e r e  a l l  normal  except for  the deletion 
of a l l  quarantine measu res .  The sequence of 
events for  the  Apollo 13 mission a r e  given in  
Table 31 and the miss ion  profile is shown in  Fig. 
23. The astronauts  a r r ived  aboard the USS Iwo 
J ima  44 min a f te r  splashdown, thus ending Apollo's 
first aborted lunar  mission. 

The c rew 

B. Apollo Interface Team 

Between Apollo Missions 12 and 13, DSN 
management decided that the level  of DSN support  
for  Apollo no longer warranted the serv ices  of a 
DSN Manager. 
Manager for  Apollo was abolished with mos t  of the  
DSN Manager duties being a s sumed  by the DSN 
Project  Engineer (Fig.  24). Another "first" f o r  
Apollo 13 was the formal  t r a n s f e r  of the Apollo 
support capability f r o m  the Interface Team to the 
Mis sion-Independent Operations Organization. 
Unfortunately, the predict  generation capability 

Accordingly, the position of DSN 
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was not t ransfer red .  In the a r e a s  that w e r e  
t ransfer red ,  however, no operational problems 
were  noted. 
advisory interfaces  with the Interface Team a r e  
shown in  Fig. 25. 

C. 

The Operations Organization and its 

Requirements for  DSN Support of Apollo 13 

As with previous Apollo missions,  the Pioneer ,  
Tidbinbilla, and Robledo stations were  committed 
to support Apollo 13 under d i rec t  MSFN/MSC 
control s tar t ing at launch minus 2 weeks (March 31, 
1970) through the end of the mission.  

On previous missions,  the M a r s  station 
supported the Apollo miss ion  exclusively f o r  6 or 
7 days. 
since the Mar ine r  Mars  1969 Extended-Operations 
Mission was in  its p r ime  scientific phase and 
required Mars  support. 
26) was developed by DSN Scheduling in a n  attempt 
to  satisfy the c r i t i ca l  requirements  of both missions.  
This schedule was accepted by all par t ies .  

With Apollo 13, this was not possible 

A sharing schedule (Fig. 

A special  effort  was made to  cover all planned 
TV broadcasts  (Table 32) but, due to the explosion, 
a l l  TV was discontinued af te r  the fourth showing 
which began a t  55 GET instead of 58 GET. 

The MSFN required t ime synchronization 
between the various stations a t  Goldstone (Mars ,  
Pioneer/MSFN Wing, and Apollo Pr ime) .  The t i m e  
synchronization was supplied in  the  s a m e  manner  as 
on previous miss ions  by t ransport ing a Goldstone 
Standards Laboratory ces ium clock to  the various 
s i tes  severa l  t imes  throughout the mission. The 
resul ts  of these measu remen t s  a r e  shown in  Tables 
33 and 34. A supplementary 1-pulse/s  t ime t ick 
accurate  to 5 ps was made  available a t  the MSFN 
microwave interface a t  Mars.  
request was received for  the portable  clock to be 
stationed within the Pioneer/MSFN Wing f o r  a 30-h 
period during lunar  operations. The MSFN planned 
to conduct a s e r i e s  of experiments with a new 
hydrogen m a s e r  frequency standard and was con- 
cerned over  a possible loss of absolute t ime r e f e r -  
ence. The DSN planned the support ,  and the 
necessary  overt ime was authorized. 
the aborted mission,  the plans were  cancelled. 

An additional 

However, with 

As p a r t  of a continuing study of lunar  potential 
anomalies (MASCONS), Mars  was required to pro-  
vide precis ion doppler recordings of the CSM 
during severa l  low lunar  orbi ts ,  and of the LM 
during the descent  phase. 
ings were  also required during the LM descent. 
Additionally, MSFN stated a d e s i r e  to  have p r e -  
cision LM doppler data f r o m  Cebreros  on low lunar  
orbi ts  34 and 35. 
be viewable only f r o m  Madrid DSCC, a s  the Madrid 
Apollo P r i m e  and Wing s i tes  w e r e  not equipped 
with doppler resolvers .  
normal  Apollo support  station, this  coverage was 
planned, based on no interference to other missions 
and no additional resources  required.  

Signal strength record-  

During these orb i t s ,  the  LM would 

Since Cebreros  is not a 

D, DSN Mission Support 

1. P remiss ion  Activities. 

a. DSN/MSFN Wing Stations. The Pioneer ,  
Tidbinbilla, and Robledo stations were  placed on. 
mission status at 0O:Ol GMT on March 31, 1970, 
and f r o m  that t ime until splashdown, the stations 

were  under MSFN control. P r i o r  to March 31, 
each wing s i t e  conducted extensive maintenance 
and a long pre t rack  countdown to  ensure  the  integrity 
of the equipment common to the  DSN and MSFN. 

b. Mars .  Two tes t s  w e r e  conducted a t  the 
Mars  station p r i o r  to the Apollo 13 mission. 
first t e s t  was a 12-h internal  Configuration Verifi- 
cation Tes t  on March 26. In the  second tes t ,  M a r s  
linked up with the Goldstone P r i m e  station for  a 
24-h data-flow t e s t  including bit  e r r o r - r a t e  checking. 
During this second tes t ,  the  SFOF predict  t r a n s -  
mission procedure was tes ted by sending center-  
of-the-moon predicts  to  Mars .  As the resul ts  of 
the predicts  exerc ise  were  doubtful, a n  additional 
t e s t  was conducted on April  7, during which the 
premission nominal predicts  w e r e  successfully 
transmitted.  

The 

c. Tidbinbilla. Due to construction, begun 
in November 1969, of a new 64-m deep space 
communications antenna near  the  Tidbinbilla station, 
the microwave link between this  station and the 
MSFN Apollo P r i m e  station would be obstructed by 
la rge  mobile c ranes  and a 1218-m erect ion tower 
by the t ime of the Apollo 13 launch in Apri l  1970. 
After investigating various solutions, it was 
decided to  re locate  the microwave tower at 
Tidbinbilla. The task  was begun in  mid-January 
and completed and back in operation on Februa ry  
23, 1970. Tes ts  indicated an overal l  improvement  
averaging 3 dB p e r  channel due to  an improved r f  
signal path to the MSFN Apollo P r i m e  station. 

2. Apollo 13 Mission Activities. 

a. DSN/MSFN Wing Stations. The Pioneer ,  
Tidbinbilla, and Robledo stations successfully 
supported the earth-o rbital ,  t ranslunar ,  and 
t rans-ear th  phases  of the mission. The t racking 
repor t s  a r e  summarized in Tables 35 through 37 
and the  station viewperiods a r e  given in  Table 38. 
The following anomalies were  noted: 

Pioneer.  
the MSFN reported Pioneer  "red can 
support" due to apparent shifts of the r f  
boresight. 
of 0.060 deg, but w e r e  only observable at 
tempera ture  ex t r emes  of night vs day. 
The DSN has no specifications f o r  bore-  
sight sh i f t ,  and the MSFN specification of 
0. 018 deg is felt  by some  to  be  unrealist ic.  
Several  t e s t s  were  run following the first 
repor t  of the problem a t  17:29 GMT on 
Apri l  2 ,  and a s t a r  t r a c k  was conducted to 
cal ibrate  the shifts. Armed with these  
calibrations,  the MSFN declared Pioneer  
green  a t  23:21 GMT on April  9,  two days 
before launch. A second premission 
problem at Pioneer was the fai lure  of 
m a s e r  2 ,  but it was returned to operational 
s ta tus  before launch. During the first 
t ranslunar  pass ,  a c i rcui t  b reaker  tr ipped 
on the a c  regulator f o r  m a s e r  1. A switch 
was made to m a s e r  2 with a loss  of 2 m i n  
of data. 

During the week p r i o r  to  launch, 

The shifts were  on the o r d e r  

Tidbinbilla. The only problem occurr ing 
a t  Tidbinbilla was the fai lure  of t r a n s -  
m i t t e r  power amplifier 4 during a pre t rack  
System Readiness Tes t  a t  02:40 GMT on 
April  14. A fan moto r  bearing failed i n t h e  
heat exchanger and was repaired by 04:28 GMT. 
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(3) Robledo. About 5 h before launch, a 
la rge  water  leak occurred  on the pump of 
heat exchanger 2,  causing 2 min of a t e s t  
to be lost. The pump was replaced, but 
a defective mechanical sea l  caused a sma l l  
leak to develop 1 day l a t e r  during a t r ack -  
ing period. 
however, and the problem was corrected 
a f te r  the uplink was taken over by another 
tracking station. 

The uplink was not lost ,  

b. Mars.  S i x p a s s e s  were  t racked ( s e e  
Table 39) with the planned schedule shown in  Fig.  
26 being al tered in  only two cases .  On the third 
pass  (April 14), MSFN requested Mars  to be on 
t r ack  a t  01:OO GMT instead of 04:OO to cover the 
LM familiarization TV broadcast  and telemetry.  
The end of the Mar iner  t r ack  was changed f rom 
23:OO GMT to 21:30 and the post-calibration was 
shortened to 0.5 h for  ranging only. Toward the 
end of the LM familiarization, the SM explosion 
occurred, which resulted i n  Mars  being requested 
to t rack horizon-to-horizon for  the remainder  of 
the mission. 
(April 16 and 17) were  already scheduled horizon- 
to-horizon, the only schedule change required was 
to drop the Mar iner  t r ack  on April  14 in  o rde r  to 
t r ack  Apollo f r o m  horizon r i s e  on the fourth pass  
(late April 14). 

Since the fifth and sixth pas ses  

No problems occurred  a t  Mars  affecting Apollo 
support. One problem did occur a t  JPL: a t  the 
end of the fourth pass ,  it was erroneously deter-  
mined that the existing predicts would be valid 
for  the fifth pass .  
pas s ,  Mars  reported large offsets of 0.300 deg in 
both axes.  
"speedup" burn  18 h ear l ie r ,  which al tered the 
t ra jectory enough to require  new predicts.  As 
mentioned before, predicts generation will be 
t r ans fe r r ed  to the Mission-Independent Operations 
Organization for future Apollo miss ions  and this 
problem should not reoccur.  

Upon acquisition during the fifth 

These offsets were  caused by the 

As in  past  missions,  Mars  was able to demon- 
After the abort ,  the s t ra te  i t s  unique capabilities. 

spacecraft  conserved power by transmitt ing with 
low power through the omniantenna (the high-gain 
antenna i s  e lectr ical ly  s teered) .  
portions of the mission, Mars  was the only station 
to receive a solid downlink. When the station 
acquired the spacecraf t  and took over the function 
of downlink f r o m  a 26-m antenna station, the 
reduction in  background noise on the astronaut 's  
voice was immediately noticed. 
the S-IVB signal interfered with the LM signal 
(the two craf t  u se  the same  frequency causing 
the same  problem on every  mission) ,  Mars  
again separated the two, spatially, using the 
station's nar row beamwidth. 

During many 

In addition, when 

c. Cebreros .  When the miss ion  was 
aborted, the special  support planned for  Cebreros  
was cancelled. 

d. SFOF Participation. The SFOF a r e a s  
and equipment involved in  the Apollo 13 opera-  
tions included the Operations Area,  the Network 
Analysis Area,  the displays,  and the Mode IV 
7044-7094 computers.  These a r e a s  and functions 
were  staffed during a l l  Mars  pas ses  and a t  other 
t imes t o  support special  activit ies.  Str ic t  access  
control was activated in  the Operations Area 
during the reentry and splashdown phase. 
reduction of unnecessary  personnel was very 
effective. 
for the Mars  fifth pass ,  t he re  were  no problems 
in the SFOF. 

The 

Aside f rom the difficulty with predicts  

e. GCF Participation. The DSN GCF pro-  
vided voice and teletype circui ts  s imi l a r  to those 
for  Apollo 12 (Fig.  21) a s  requiredto support the 
operations mentioned above. In addition, J P L a c t s  
a s  the West Coast Switching Center for the NASA 
Communications Network and handles many non- 
DSN circui ts  in  support of Apollo. There  were  no 
communications problems that constrained the DSN 
support of Apollo 13. 
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Table 31. Apollo 13 sequence of events 

Saturday 

Saturday 

Monday 

Tuesday 

Wednesda 

Thursday 

Friday 

Friday 

Saturday 

Sa tu rda y 

Tuesday 

Event 

Launch 

Translunar  injection 

Midcourse maneuver 2 (to "hybrid" 
t ra jectory)  

Begin Lunar Module Checkout 

Service module explosion 

Lunar  Module signal on 

A l l  Command/Service Module fuel 
cells off 

Command/Service Module completely off 

Maneuver (to "free return' '  t ra jectory)  

Lunar  occultation 

End lunar occultation 

S-IVB impact  

Maneuver ("speedup") 

Maneuver (trim) 

Maneuver ( t r i m )  

Jett ison Service Module 

Jett ison Lunar  Module 

Enter  a tmosphere 

Splashdown 

11 April  

11 April  

13 April  

14 April  

15 April  

16 April  

17 April  

17 April  

18 April  

18 April  

21 April  

GMT 

April  11, 19:13:00. 56 

April  11, 21:48:36 

April  13, 01:53:50 

April  14, 02:13:00 

April  14, 03:07:53 

April  14, 05:lO 

Apri l  14, 05: l l  

April  14, 05:53 

April  14, 08:42:43 

April  15, 00:22 

Apri l  15, 00:46 

April  15, 01:09:39 

Apri l  15, 02:40:39 

April  16, 04:31:28 

April  17, 12:52:52 

April  17, 13:14:48 

Apri l  17, 16:43:00 

April  17, 17:53:46 

April  17, 18:07:41 

Table 32. Apollo 13 premission TV schedule 

GMT 

20:48 

22:28 

01:28 

05:13 

19:03 

07:23 

03:03 

15:38 

17:23 

19:13 

00:58 

GET 

1:35 

3: 15 

30:15 

58: 00 

95:50 

108:lO 

127:50 

140:25 

166:lO 

168:OO 

221:45 

Duration 

0: 07 

1:08 

0:30 

0:30 

0:15 

3: 52 

6:35 

0:22 

0:40 

0:15 

0:15 

Activity/Subj ect  

E a r t h  

Transposit ion and 
docking 

Inter ior  of space-  
c ra f t  and MCC-2 

Intervehicular 
t r ans fe r  and 
spacecraf t  

F r a u  Mauro 

Lunar su r face  
activit ies 

Lunar surface 
a c tivi t ies  

Docking 

Lunar  surface 

P o s t  -TEI/luna r 

Ea r th  and space-  
c ra f t  inter ior  

GET 

0: 0o:oo 

02:35:46 

30:40: 50 

55: 0O:OO 

55:54:53 

57: 57 

57:58 

58 :4 0 

6 1:29:43 

77:09 

77:33 

77:56:39 

79: 27:39 

105:18:28 

137: 39: 52 

138: 01:48 

141 :30: 00 

142:40:46 

142:54:41 

C SM 

C SM 

CSM 

C SM 

CSM 

LM 

LM 

CSM 

CSM 

C SM 

C SM 

Station 

SMS 

GDS 

GDS 

GDS 

MAD 

GDS/HSK 

GDS 

MAD 

MAD 

MAD 

GDS 
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Table 33. Por tab le  clock measurements  
- 

Microseconds of Lead (t) o r  Lag ( - )  T i m e  Relative to NBS Clock 8 

- 

Delay i n  Microseconds 

Date  (1969) 
Apollo P r i m e  Clock A Apollo Wing Clock A. 

1 3  November 90. 9 116.3 

16 November 90. 9 116.3 

I 

Apollo P r i m e l s t a t i o n  
Apri l  
1970) 

Clock A Clock B 

10 

13 

16 

-0.  5 (2044) -0 .  4 (2043) 

- 0 . 7  (1654) -0 .  7 (1656) 

-0.  1 (1712) -0 .  2 (1814) 

17 - 0 . 2  (1656) -0 .3  (1658) 

I 11 Measurement :  
Apollo Wing Station to Compare  

NBS Clock 8 
with Apollo 

I Clock A 

-0.1 (1719) -0.  1 (1721) -0 .1  (1723) 

NOTE: Values i n  parentheses  a r e  t i m e  of day in GMT. .. 

Date 1970 

11/12 Apri l  
(Days 101/102) 

12/13 Apri l  
(Days 102/103) 

13/14 Apri l  
(Days 103/104) 

14/15 Apri l  
(Days 104/105) 

15/16 Apri l  
(Days 105/106) 

16/17 April  
(Days 106/107) 

Table 35. Pioneer  t racking report ,  Apollo 13 

Pass or 
Orbit  

E a r t h  Orbi t  & 
TPans lunar 
coast  

Trans lunar  
p a s s  

Trans lunar  
coast  

Trans lunar  & 
t r a n s  e a r t h  
coast  

Transear th  
coast  

Transear th  
coas t  

T racking 
Times 
(GMT) 

Not 
Rep0 r t ed  

Not 
Rep0 r t ed  

Not 
Reported 

Not 
Reported 

3 , -  

Not 
Reported 

Not 
Reported 

Tracking 
Mode 

Not Reported 

Not Reported 

Not Reported 

Not Reported 

Not Rep0 r t ed  

Not Reported 

Anomalies 

Circui t  b r e a k e r  on ac power supply 
f o r  active m a s e r  tripped. Los t  
data for approximately 2 minutes.  

None 

None 

None 

None 

None 
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Table 36. Tidbinbilla tracking report ,  Apollo 13 

Date 1970 

11 April  
(Day 101) 

12 April 
(Day 102) 

13 April  
(Day 103) 

14 April  
(Day 104 

15 April 
(Day 105) 

16 Apri l  
(Day 106) 

17 April  
(Day 107) 

Pass o r  
Orbit 

Ea r th  orbi t  

T ranslunar  
coast  

T rans lunar 
coast  

Translunar  & 
t r ansea r th  
coast  

Transear th  
coast  

Transear th  
coast  

Transear th  
coast  

Tracking 
Times 
(GMT) 

Not 
Reported 

Not 
Reported 

Not 
Reported 

Not 
Rep0 rted 

Not 
Reported 

Not 
reported 

Not 
reported 
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Tracking 
Mode 

Three-way 
with CSM/IU 

Two-way & 
three-way 
with IU 
Three-way 
with CSM 

Two-way & 
three-way 
with IU 

Three  -way 
with CSM 
Two-way & 
three-way 
with LM 

Two-way & 
t h r e e  -way 
with LM 

Two-way & 
three-way 
with LM 

Two-way & 
three-way 
with LM 
Three-way 
with CSM 

Anomalies 

None 

None 

None 

Transmit ter  No. 2 (MSFN) fan on  
heat exchanger failed during SRT 
No effect on mis s ion  support. 

None 

None 

None 
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Table 37. Robledo tracking report ,  Apollo 13 

Date 1970 

11 April 
(Day 101) 

12/13 Apri l  
(Days 102/103) 

14/15 April 
(Days 104/105) 

14/15 April  
(Days 104/105) 

15/16 April 
(Days 105/106) 

15/16 April 
(Days 105/106) 
[continued) 

16/17 April  
(Days 106/107) 

66 

Pass o r  
Orbit 

No view this 
period 

Trans  lunar 
coast  

Translunar  & 
t r a n s  ea r th  
coast  

T ransluna r 
coast  

T rans  ea r th  
coast  

T Pans ea r th  
coast  

Tracking 
Times 
(GMT 1 

121527- 
122801 

211301 

015755 

122801- 

21 1301 - 

130550- 
131904 

004806 
0048 06 - 
020851 

131 904- 

125125- 
131301 

211301 

222453 
222453- 
020301 

021205 

130405- 
011220 
011220- 
011947 

131301 - 
21 1301 - 

020301 - 

01 1947- 
020610 

132049- 
151939 

231301 

021814 

151 939- 

231 301 - 

Tracking 
Mode 

Three-way 

Two-way 

Three-way 

Three-way 

Two -way 

Three  -way 

Three  -way 

Two-way 

Three  -way 

Two-way 

Three-way 

Three-way 
with LM 
Two -way 
with CSM 

T h r e e  -way 
with LM 

Three-way 

Two -way 

Three-way 

Anomalies 

W a t e r  leak on mechanical s ea l  of heat 
exchanger No. 2 pump. No effect on 
mis s ion  support. 

None 

None 

None 

None 
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Table 38. Apollo 13  wing view periods (GMT) 

Parameters L 
E a r t h  

Translunar  1 Cru i se  

i 
Lunar  
Orbi t  

T r an s e ar th 
Cru i se  

030720 

032800 

040000 

050000 

060000 

070000  

080000  

085330 

Pioneer  

11 /20:40-11/20:46 

11/22:07-12/09:28 

12/19:45- 13/09:53 

13/20:07- 14/10:03 

14/20: 15- 

18/23:37-19/11:33 

19/23:23-20/11:33 

21 /00:18-21/11:33 

Tidbinbilla 

11/20:12-11/20:20 

12/04:08- 1211 3:18 

1 3 104: 31 - 131 14:03 

14/04:34- 14/14:18 

15/05:21-15/13:58 

16/04:23- 16/15:15 

17/05:46- 17/16:43 

18/05:51-18/17:43 

19/06:03- 19/17:48 

20/06:03-20/18:03 

2 1 /Ob: 14- 2 1 / 19:59 

Robledo 

11/23:12-12/00:53 

1211 1:43- 13/02:38 

13/12:18-14/02:43 

14/12:30- 

- 15 /02:28 

15/12:56- 16/03:13 

16/14:02-17/03:01 

1711 5:36- 18/03:53 

18 / 16:04- 

-19/04:03 

19/16:13-20/03:53 

20/16:38-21/03:53 

Table 39. M a r s  tracking support  data 

Events  

Pass 1: 12  Apr i l  1970, Day 102 

S I C  acquired on CSM/PM. 
Twenty-nine point acquis i t ion m e s s a g e  used t o  acqu i r e  with off- 
s e t s  $0.125 degrees  in  HA and t o .  040 d e g r e e s  in  DEC. 

P red ic t  Set 001 f o r  CSM being t ransmi t ted .  

Downlink - 100 dbm. Twenty-nine point acquis i t ion m e s s a g e  
predic t  $0.120 d e g r e e s  in  HA and to. 040 d e g r e e s  in  DEC. 

Using P r e d i c t  Set 001, offsets  a r e  to. 033 d e g r e e s  in HA and 
-0.012 degrees  in  DEC. 

P r e d i c t  Se t  001 now t o .  022 degrees  in HA and to. 002 d e g r e e s  
1 7 1  DEC. 

Signal level  -103 dbiii .  Offsets f r o m  Pred ic t  Se t  001, tO.038 
degrees  i n  HA and to. 001 degrees  in  DEC. 

Signal level  -106 dbiii .  Offsets  f r o m  Pred ic t  Set  001, t o .  006 
deg rees  i n  DEC and to. 002 degrees  in HA. 

S / C  signal level  -113 dbni. Antenna a t  p re l imi ts .  EOT. 

Downlink s ignal  level  -98 dbm. 

Signal leve l  -99 dbm. 

Signal level -99 dbm. 
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Table 39 (contd) 

mi'r Events 

P a s s  2: 13 Apri l  1970, Day 103 

00291 0 

010000 

01 2000 

01 2620 

01 5400 

020000 

021523 

030000 

040000 

050000 

060000 

070000 

080000 

090000 

092848 

~ 

0036 10 

01 0000 

01 5000 

020000 

020800 

022730 

025954 

030000  

030810 

032600 

040000 

041 000 

043000 

050000 

015010 

S / C  acquisit ion a t  signal level  of -119 dbm. . Offsets f rom P r e -  
dict  Set 002, zero  in  both HA and DEC. 

Signal level  -88 dbni on CSM/PM. 
to. 004 degrees  i n  HA and zero  in  DEC. 

TV synchronization signal being received.  

TV picture  being received.  

MCC-2 init iated.  

Signal level  -88 dbm on CSM/PM. 

TV signal terminated.  

Signal level  -88 dbm on CSM/PM. 

Signal level  -108 dbm on CSM/PM. 

Signal level  -109 dbm on CSM/PM. 

Signal level  -109 dbm on CSM/PM. 

Signal leve l  -122 dbm on CSM/PM. 

Signal level  -112 dbm on CSM/PM. 

Signal level  -119 dbm on CSM/PM. 

Antenna at pre l imi ts .  Signal level  -114. 5 dbm. EOT. 

Offsets f r o m  Predic t  Se t  002, 
. 

Signal level  -93 dbm on FM. 

Offsets zero  in  both axes .  

Offsets s t i l l  z e ro  in  both axes .  

Offsets zero .  

Offsets z e r o ,  

Offsets zero.  

Offsets zero.  

Offsets zero .  

0:ffsets zero.  

P a s s  3: 14 Apri l  1970, Day 104 

; /C acquisit ion at -112 dbm on CSM/PM. 
;tation. 

Receiver  10 tuned t o  LM/PM frequency best  locked to  S-IVB/IU 
signal at -131 dbm. 
i s  pointed at CSM/LM. 

Station reconfigured to Receiver  10 on CSM/FM receiving weak 
TV picture .  

Receiver  9 on IU. Receiver  10 receiving TV, c a r r i e r  only. 

Rece iver  9 to CSM/PM a t  signal of -124 dbm. 

TV s i i n a l  on at s ignal  level  of -83 dbm. 
antenna. 

TV signal off. 

Signal level  -90 dbm on CSM/PM. 
to. 004 degrees  in  both axes.  

Signal leve l  -109 dbrn on CSM/PM. 

Signal level  -115 dbni on CSM/PM. 
repor ted .  

Signal leve l  -114 dbm on CSM/PM. 
degrees  in  HA and to. 006 degrees  in DEC.  CSM on fuel ce l l  2, 
bus A only. CSM is par t ia l ly  pcwered down. P rob lem appea r s  
to  b e  venting f rom fuel cell .  
s /c.  
S / C  problem appears  to b e  loss  of O 2  in  fuel cel l  3. 
being shut down. 

Fue l  ce l l  1 being shut down; O 2  venting in  SPS main supply. 

Signal leve l  -112 dbrn on CSM/PM. L M  being powered up. 

AOS of LM at signal level of - 114 dbm. 

P red ic t  Set 003 on 

S-IVB i s  in antenna beamwidth when antenna 

Receiver  9 on L M / P M  (1U) .  

S /C using high gain 

Offsets f r o m  Predic t  Set  003, 

Apparent fuel ce l l  problem 

Pred ic t  offsets -0 .004 

Roll and pitch r a t e s  occurr ing in 

Fue l  ce l l  3 
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GAMY 

051 700 

055200 

0 6 0 0 0 0  

072320 

072840 

osoooo 
090000 

093513 

Events 

- 

204510 

21 0000  

213200 

221000 

230000 

240000 

0021 35 

004029 

010000 

020000 

024039 

030000 

040000 

050000 

060000 

070000 

080000 

090000 

093145 

-130 dbni on CSM/PM. 

CSM dead with LOS on CSM/PM. 

Signal leve l  -119 dbm on LM/PM.  

LOS on L M / P M  with I U  in te r fe rence .  

AOS on L M / P M  a t  -116 dbm. 

Signal level  - 11 3 dbm on LM/PM.  

Signal level  - 11 6 dbm on LM/  PM. 

Antenna a t  prel imits  with signal at -1 

CSM bn ba t te ry  power. Voice circuit! to  backup mode. Signal 

6 dbm. EOT. 

P a s s  4: 14 /15  Apr i l  1970, Days 104/105 

S / C  AOS at -129 dbm on LM/PM.  

Signal level  -129 dbm with both r ece ive r s  on LM. 

Signal leve l  -120 dbm. 

Signal level  -134 dbin. 

Signal level  -127 dbm with LM/PM back t o  high bit r a t e  data.  

Signal level  -127 dbm with L M / P M  st i l l  at high bit  rate data.  

LOS of LM/PM.  

AOS of L M / P M  at signal leve l  of -136 dbm. 

Signal level  -139 dbni on LM/PM.  

Signal level  - 11 8 dbm on LM/ PM. 

TEI. MCC-1 init iated.  

Signal leve l  -115 dbm on LM/PM.  

Signal leve l  -129 dbm on LM/PM.  

Signal leve l  -128 dbm on LM/PM.  

Signal leve l  -130 dbm on LM/PM.  

Signal leve l  -130 dbm on LM/PM.  

Signal leve l  - 13 0 dbm on LM/ PM. 

Signal leve l  -136 dbm on LM/PM.  

Antenna at pre l imi ts .  Signal level  a t  -134 dbm. EOT. 

Predic t  Set 004 on station. 

L M / P M  d a t a  a t  high bit ra te .  

L M / P M  data  at low bit ra te .  
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Table 39 (contd) 

205100 

205800 

21 1000 

221.100 

231400 

000000  

010815 

011552 

012004 

020000 

OL0900 
030000 

040000 

043200 

050000 

060000 

070000 

080000 

082900 

083500 

090000 

09341 5 

211213 

220000 

Pass  5: 15/16 Apri l  1970,  Days 105/106 

AOS a t  signal level of - 1 2 8  dbni on L M / P M .  
station fo r  acquisit ion off by $0. 0300 d e g r e e s  in  both HA and DEC. 
Used olfset  p red ic t  da ta  obtained f r o m  Apollo Wing to  acqu i r e  S / C .  

P red ic t  Se t  005  being sen t  to Mars .  

Using 29-point acquisit ion m e s s a g e  f o r  antenna dr ive .  
z e r o  i n  both HA and DEC. 

Signal leve l  -126 dbm. 

Signal leve l  -110 dbm. 

Signal level -1 12 dbm. 

AOS on CSM/PM. 

CSM powered down. 

Configured Receiver  10  to  L M / P M  downlink. 

Signal varying 20  to  30 dbm. 

Signal s t i l l  varying about - 11 4 dbm. 

Signal leve l  at - 1 0 7  with P / A  on. 

Signal leve l  at 107 dbm with P / A  on. 

C0urs.e co r rec t ion  burn.  

Signal leve l  -123 dbni. 

Signal leve l  -127 dbm. 

Signal leve l  -125 dbm. 

Signal leve l  -125 dbm. 

Signal leve l  -111 dbm with S / C  t r ansmi t t e r  on high power.  

Signal leve l  -126 dbm with t r a n s m i t t e r  on low power. 

Signal level -123 dbm. 

Antenna at p re l imi t s  at signal leve l  of -125 dbm. 

P red ic t  Set 0 0 4  on 

Offsets 

S / C  using high power t r ansmi t t e r .  

Signal a t  -113 dbm af te r  sho r t  period. 

Signal at -114 dbm. 

EOT. 

Pass 6: 16/17 Apr i l  1970, Days 106/107 

ADS at -121 dbm on LM/PM.  

Signal leve l  -117 dbm on LM/PM.  
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G M 'r 

221847 

222513 

230000 

000000  

01 0000 

020000  

030000 

040000 

050000  

0bOOOO 
070000  

080000 

090000 

095000 

Ev cnt s 

Pass 6: 16/17 Apri l  1970, Days 106/107 ( c o n t ' d )  

AOS of CSM a t  - 11 3 d b m .  

LOS on CSM. 

Signal level -123 d b m  on LM/PM.  

Signal leve l  -119  dbni  and varying eve ry  22 minutes  on S / C  ro l l s .  

Signal leve l  -121 d b m .  

Signal level - 11 0 d b m .  

Signal leve l  - 1 10 d b m ,  

Signal leve l  -107 d b m .  

Signal leve l  - 11 5 d b m .  

Signal level - 11 2 d b m .  

Signal leve l  - 11 5 dbm. 

Signal level - 106 d b m .  

Signal level - 106 d b m .  

Signal leve l  -106 d b m  with antenna at pre l imi ts .  
station r e l eased  f r o m  Apollo 13  support .  

EOT and 
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CM SPLASHDOWN 
IN SOUTH PACIFIC - 
142:54:41 GET 100 nm EARTH CSNlLM TRANSEARTH 

PARKING ORBIT 

SECOND TRIM 
MANEWER - 

105:18:28 GET 

s-WB 
RESTART 

MISSION ABOR 

MIDCOURSE CORRECTION 
TO RETURN TO FREE - RETURN 
TRAJECTORY - 61:29:43 GET 

TRAJECTORY 

S-IVB EJECT TO 
LUNAR IMPACT 

MIDCOURSE CORRECTION TO 
TRANSLUNAR INJECTION (TLI)- EJECTION LEAVE FREE-RETURN TRAJECTORY 
FREE-RETURN TRAJECTORY - FROM S-IVB - AND ENTER NON-FREE-RETURN 
02:41:m GET M:18:01 GET (HYBRID) TRAJECTORY - 30:40:50 GET 

Fig. 23. Mission profile fo r  Apollo 13 mission 
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Fig. 24. Apollo 13  interface planning t e a m  
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Fig. 25. DSN operations organization for  Apollo 1 3  
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Fig. 26. M a r s  station planned tracking schedule for Apollo 13 

I I  I I I  

JPL Technical Memorandum 33-452, Vol. I1 

I I I  I I I I I 

73 



VII. FUTURE PLANS 

A. Introduction 

In the per iod of t ime between the abortive 
Apollo 13 miss ion  (April,  1970) and the end of 
calendar  year  1970, t he re  were  a number of devel- 
opments which affect DSN support of Apollo. 
Section will descr ibe  these  var ious developments 
and future plans. 

This 

(1)  December 21 /16:00-24:OO: cable installation 
and station familiarization. 

B. Bistatic Radar  Experiment 

On Apri l  14, 1969, Stanford University sub- 
mit ted a formal  proposal  to NASA to  conduct a 
"Downlink Bistatic Radar Study of the Moon" using 
the Mars  station. 
ment  a r e :  

The specific goals of this  experi- 

To de termine  the Brewster  angle of the 
lunar  c r u s t  a t  S-band 

To m e a s u r e  the spec t ra l  p roper t ies  of 
bistatic r ada r  echoes f r o m  low altitude 
orbit 

To gain operational experience with Apollo 
sys tems and operations a s  an  aid in  the 
design of future  bistatic r ada r  experiments  

If successfully completed, the proposed experi-  
ment  will provide fundamental new scientific 
information on the upper few cent imeters  of the 
lunar c r u s t  through a shor t  wavelength determina-  
tion of the Brewster  angle of the lunar  surface,  and 
will provide engineering data necessary  for  
optimizing the design of future  bis ta t ic  r ada r  
experiments f r o m  low lunar  orb i t s  (approximately, 
1 00-km altitude). Fur thermore ,  the resu l t s  will 
provide a lunar  S-band, bis ta t ic  r ada r  calibration 
which will have considerable  utility in  t h e  in te rpre-  
tation of s imi la r  experiments  conducted in  the 
future  a t  the planets. 

It was proposed that  the downlink CSM S-band 
signal would be directed toward the lunar  surface.  
A t  the Mars  station, the reflected signal (and a 
portion of the d i rec t  signal) would be received in  
two polarizations simultaneously using the 
Polar izat ion Diversity S-band (PDS) cone. 
outputs of the two rece iver  chains would be 
recorded on FR-1400 recorders .  

The 

A meeting was held a t  J P L  on May 8, 1970, to 
discuss  the feasibility of the proposed experiment. 
In attendance were  representat ives  of MSC, GSFC, 
NASA Headquarters ,  North American Rockwell, 
Stanford University, and the DSN, DSIF, and GCF. 
The potential problem a r e a s  were  identified and a 
number of action i tems  were  assigned. Shortly 
af terward,  a support  requirement  was i ssued  a t  
MSC (May 19, 1970). DSN support was planned to  
begin with Apollo 14 to be launched January 31, 
1971. 

The final details on the configuration a t  the 
Mars  station were  discussed a t  another meeting a t  
J P L  on November 9,  1970, with approximately the 
same representat ion a s  the May 8 meeting. 

Several installation and t e s t  per iods a r e  
required. Three  t e s t  periods have been completed: 

(2) December 22/22:00-02:Ol: cable instal la-  
tion and station familiarization. 

(3)  December 23/02:01-06:OO: t r ack  of 
Pioneer  6 spacecraf t  using its rf c a r r i e r  
a s  a t e s t  signal for  the bis ta t ic  equipment. 

Tes ts  2 and 3 (above) a r e  planned to be 
repeated on approximately January 8, 1971, and 
January 29, 1971. With Apollo 14 launch scheduled 
for  January 31, 1971, the actual experiment would 
take place on February  6, 1971, while the CSM i s  
in  lunar orbi t  and the LM is on the lunar  surface.  

C. Goldstone Timing Synchronization 

The time-synchronization agreement  reached 
before  Apollo 11 ( see  Section IV) was amended on 
June 9, 1970. The new agreement ,  which will be 
valid for  a l l  future  Apollo miss ions ,  is a s  follows: 
A one-pulse/s  tick i s  distributed via DSN mic ro -  
wave to  Mars .  
Goldstone Standards Laboratory,  a r r i v e s  a t  the 
s i tes  with known offsets, and i s  accura te  to  be t te r  
than 5 ps. This  signal is made available to  the 
MSFN a t  the MSFN microwave interface a t  Mars .  
The portable cesium clock will be used only to 
cal ibrate  the microwave delays when changes have 
occurred  to the microwave system. Routine support 
of the portable clock will be discontinued. In the 
case  of a bona fide timing emergency, the portable  
cesium clock will be available with a delay of 2 h 
during the normal  working day and 48 h otherwise. 

The pulse or iginates  f rom 

D. Modification of MSFN Wing Site Control Rooms 

In o r d e r  to  accommodate MSFN use  of the 
2 6 - m  antennas a t  Pioneer ,  Tidbinbilla, and 
Robledo for  the Apollo Project ,  a separa te  MSFN 
control room was built at each dual s i te  location. 
During MSFN te s t s  and tracking per iods,  control 
of the antenna and other common equipment ( m a s e r s ,  
servo,  microwave,  power amplif ier ,  etc. ) had to 
be switched f r o m  the DSN control to MSFN control. 
The DSN is now in the process  of constructing two 
new 64-m antennas near  Tidbinbilla and Robledo. 
Rather than build control rooms for  these  new 
stations, a considerable  cost  could be saved by 
using the or iginal  DSN control rooms for  the new 
64-m antennas and using the MSFN control  room for  
a l l  26-m antenna operations. Agreement was 
reached with GSFC in la te  1970 on a control  room 
layout with a mixture  of DSN and MSFN equipment 
and one operations team. Although the requi re -  
ment  was only for  Tidbinbilla and Robledo, Pioneer  
station will a l so  be reconfigured to maintain net- 
work uniformity. 

The modifications have a l ready  s ta r ted  a t  
Pioneer  and the station will be in  an  in te r im con- 
figuration for  Apollo 14. 
Tidbinbilla and Robledo will I -,gin a f te r  Apollo 14, 
and the work a t  all sites will D e  completed before  
Apollo 15 (present ly  scheduled for  July 26, 1971). 

Mc lifications a t  

74 J P L  Technical Memorandum 33-452, Vol. I1 



E. Intermodulation Products  Problem 

The MSFN has a requirement  for  the Wing 
s i tes  to  be able  to t r ansmi t  two simultaneous uplink 
c a r r i e r s .  
the use  of two uplinks would occasionally cause a 
degradation of the received downlink signal, 
apparently due to  intermodulation products. The 
problem i s  of a n  intermit tent  nature  and has  never  
been observed at Robledo. At Tidbinbilla the 
downlink FM threshold has on occasion been 
degraded by about 8 to 20 dB, and Pioneer  has 
observed a 2 dB degradation. Based upon th is  
information the following precaut ionary notice is 
included in  the MSFN Operations Procedures :  

It was noticed a s  ear ly  a s  Apollo 8 that 

"Wing Stations (GDSX, HSKX, and MADX). 
Dual uplinking may produce intermodula- 
tion products, causing s ignal  degradation. 
It is, therefore ,  a n  undesirable  operational 
configuration, but is permit ted if essent ia l  
for  miss ion  operations. ' I  

As of December,  1970, no solution has  been 
found. 
DSN i s  testing a method of t ransmit t ing two 
switched c a r r i e r s  using a single Klystronamplif ier  
with a single microwave sys t em by employing a 
high-speed switch and pulse-dr iver  c i rcui t ry ,  which 
will allow a finite guard time between c a r r i e r s  to 
avoid any interference between them. 
ing is accomplished in  the 66 MHz exci ter  c i rcu i t ry  
a t  a switch r a t e  of 500 kHz. 

In s e a r c h  of a substitute capability, the 

The switch- 

F. Uplink of 20 kW 

Original plans for  the operation of the Wing 
stations were  fo r  simultaneous 1 0-kW radiated 
uplink signals. 
20-kW t r ansmi t t e r s  fed into a combiner which 
introduced a 3-dB loss .  Thus, 10-kW of power f rom 
each t ransmi t te r  was radiated f r o m  the antenna. 
The other  10-kW f rom each t r ansmi t t e r  (20-kW) 
which was los t  i n  the combiner was dissipated in 
a 20-kW water  load. 

This was accomplished using two 

With the precaut ionary res t r ic t ion  to a single 
uplink, t he re  was no longer a need for  the com- 
biner  and its accompanying 3-dB los s ,  and a non- 
standard configuration was entered a t  some Wing 
s i tes  which bypassed the combiner, allowing a 
single 20-kW radiated power uplink. 
since this  was not a s tandard configuration, the 
combiner water  load interlock was not disabled; 
that is, any fai lure  in  the water  load would shut 
down the t r ansmi t t e r ,  even though the water  load 
was not in  use. No changes could be authorized 
because the radiation of a single 20-kW uplink had 
never  been requested o r  committed. 

Unfortunately, 

On June 12, 1970, GSFC levied a n  official 
requirement  upon the DSN for  the 20-kW capability. 
An Engineering Change Order  (ECO) was i ssued  to  
defeat the water-load inter lock when in the  20-kW 
configuration. The modifications were  completed 
in  November 1970. 
remain: 

Certain operational limitations 

There  exis ts  no backup 20-kW capability 
s ince the installed microwave switching 
gea r  allows only one t ransmi t te r  (the 
DSN t r ansmi t t e r )  to  be switched around 
the combiner. 

A l l  uplinks mus t  be turned off before  any 
microwave switching can occur .  

G. SPU Cone a t  Pioneer  Station 

In o r d e r  to enhance reception of Pioneer  
spacecraf t  s ignals ,  an  S-band Polar ized Ultracone 
(SPU) was instal led a t  the  P ioneer  station in mid-  
July, 1970. Since the cone does not have a 
monopulse feed, which i s  necessa ry  for  auto- 
tracking, the original S-band Cassegrain Monopulse 
(SCM) cone was required to be replaced before  
Apollo miss ion  activity o r  approximately s ix  weeks 
before  Apollo launch. Accordingly, the SCM cone 
was back in  operation a t  Pioneer  in  ear ly  
December 1970. 

H. Wing Site Support of ALSEP 

Apollo lunar -sur face  experiments  package 
(ALSEP) communications a r e  usually accomplished 
using the 9-m antennas of the MSFN. In September, 
1969, the DSN received a requirement  for  the 
Wing s i tes  to  t r ack  ALSEP during the Active 
Seismic Experiment on ALSEP No. 4 during the 
Apollo 14 miss ion  period. 
experiment, the  ALSEP t r ansmi t s  a t  10.6 k -b i t s / s ,  
a higher ra te  than pas t  ALSEPs and beyond the 
capability of the 9-m antenna stations. 
experiment, dubbed the "thumper" because of a 
se r i e s  of sma l l  charges  which a r e  actuated by the 
astronauts  to generate  ar t i f ic ia l  se i smic  waves, 
i s  present ly  scheduled to occur  during the lunar-  
surface operat ions phase of Apollo 14. 

I. 

During this  new 

The 

Apollo Lunar  Communications Relay Unit 
(LCRU) 

In December, 1969, the DSN received a 
request  f rom GSFC for  cost and schedule impact  
for  implementing reception capability on 2250. 5 
MHz a t  a l l  Wing s i tes  and Mars .  
was to  be used by the LCRU, a hand-carr iedS-band 
sys tem which would relay the astronauts  VHF 
communications direct ly  to ea r th  during EVA periods 
when the LM is beyond VHF range. The new 
frequency proved to be  very difficult to implement 
and was l a t e r  changed to 2265.5 MHz. 
frequency can  be received without modification a t  
Mars  using the broadband R&D mase r .  A t  the 
Wing s i tes ,  it i s  necessary  to  retune one of the 
two m a s e r s  (leaving one m a s e r  configured for  
normal  LM/CSM communications). The retuned 
m a s e r  will have some degradation in  gain and sys -  
tem tempera ture .  With the retuned m a s e r ,  no 
backup is available except on the 2272.5 MHz down- 
link (where the m a s e r  passbands will overlap)  except 
that e i ther  m a s e r  can be retuned to the other 's  
frequency in  approximately 30 min. The first 
LCRU i s  planned for  Apollo 15, present ly  scheduled 
for  July 26, 1971. 

This new frequency 

This new 
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APPENDIX 

GLOSSARY OF APOLLO TERMS 

ALSEP 

ARIA 

ASE 

BIOMED 

CADFISS 

CCGE 

CDH 

CDR 

CM 

CMP 

CPLEE 

CSI 

CSM 

DO1 

DPS 

DSCC 

E1 

EMU 

EO 

EPO 

EVA 

EVCS 

GDS 

GDSX 

7 6  

Apollo lunar-surface experiments  
package 

Apollo range instrumented a i r c r a f t  

Active se i smic  experiment  (on ALSEP) 

Biomedical data 

Computation and data flow integrated 
sub s y  s t e m  t e s t  

Cold cathode gauge experiment  (on 
ALSEP) 

Constant delta height (maneuver dur -  
ing rendezvous) 

Commander 

Command module 

Command module pilot 

Charged par t ic le  lunar-environment 
experiment  (on ALSEP) 

Coelliptic sequence initiation 
(maneuver  during rendezvous) 

Command and s e r v i c e  module 

Descent orbi t  inser t ion 

Descent propulsion sys t em 

Deep space communication complex 

Entry interface (ear th  reentry) ;  
engineering instruct ion 

Extravehicular mobili ty unit 

Ea r th  orbi t  

Ear th  parking orbi t  

Extravehicular activity 

Extravehicular communication sys t em 

Goldstone, MSFN station 

Goldstone, DSN/MSFN Wing station 
(P ioneer )  

GET 

GSFC 

H F E  

HGA 

HSK 

HSK X 

IU 

IVT 

LM 

LMP 

LO 

LO1 

LOPC 

LPO 

LS 

MAD 

MCC 

MILA 

MOCR 

MSC 

MSFN 

MSFNOC 

NOD 

NST 

Ground elapsed t ime  

Goddard Space Flight Center,  
Greenbelt ,  Maryland 

Heat flow experiment  (on ALSEP) 

High-gain antenna 

Honeysuckle Creek, Austral ia ,  
MSFN station 

Honeysuckle Creek,  DSN/MSFN 
Wing station (Tidbinbilla) 

Instrumentation unit (par t  of S-IVB) 

Intravehicular t r a n s f e r  

Lunar  module 

Lunar  module pilot 

Lunar  orbi t  

Lunar  orbi t  inser t ion 

Lunar  orbi t  plane change 

Lunar parking orbi t  

Lunar  s tay 

Madrid, MSFN station 

Mission Control Center,  Houston, 
Texas;  midcourse cor rec t ion  

Mer r i t  Island, Flor ida,  MSFN 
station 

Mission Operations Control Room 
(at MSC) 

Manned Spacecraft  Center ,  Houston, 
Texas 

Manned Space Flight Network 

Manned Space Flight Network Opera- 
t ions Center (GSFC) 

Network operations direct ive (GSFC) 

Network Support T e a m  (GSFC) 
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APPENDIX (contd) 

P C  

PCA 

PDI 

P I  

PLSS 

PSE 

PTC 

RCS 

RTC 

RTG 

s-IC 

s-I1 

S-IVB 

Plane change 

Point of c losest  approach 

Powered descent initiation 

Pro jec t  Investigator 

Portable  life support sys t em 

Pass ive  se i smic  experiment (on ALSEP) 

Pass ive  thermal  control (barbeque mode) 

Reaction control s y s t e m  

Real-t ime command 

Radioisotope thermoelectr ic  generator  

Saturn booster (first s tage)  

Saturn booster (second s tage)  

Saturn IV booster ( third s tage - fixed 
to IU) 

SCM 

SDDS 

SLV 

SMS 

SPS 

TEC 

TEI 

TIC 

TLC 

TLI 

T P F  

T P I  

TV 

Site configuration m e s s a g e  

Signal data demodulator sys t em 

Saturn launch vehicle 

Spacecraft  Monitoring Station 

Service propulsion sys t em 

Trans-ear th  coast  

T rans  -ear th  injection 

Telemetry instrumentation coordinator 

T rans  lunar c oa s t 

Translunar  injection 

Terminal  phase final (par t  of rendezvous) 

Terminal  phase initiation (par t  of 
rendezvous ) 

Television (from CSM o r  LM) 
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